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CHARACTERIZATION  OF  AN  IN  VITRO  PROTEIN  SYNTHESIS 
SYSTEM  FROM  THE  CEREBRUM,  CEREBELLUM, 

AND  OPTIC  LOBES  OF  CHICK  BRAIN 

D.  S.  H.  Liu,  J.  W.  Yang,  and  A.  Richardson 
Departments  of  Biological  Sciences  and  Chemistry 
Illinois  State  University,  Normal,  Illinois  61761,  U.  S.  A. 

ABSTRACT 


A  highly  active  iri  vitro  protein  synthesizing 
system  has  been  obtained  from  the  cerebrum,  cerebel¬ 
lum,  and  optic  lobes  of  chick  brain.  The  post-mito¬ 
chondrial  supernatant  of  each  region  was  used  for 
in  vitro  protein  synthesis  after  Sephadex  G-25 
chromatography  and  was  found  to  be  most  active  when 
incubated  at  37°C.  Optimum  conditions  for  the  three 
regions  of  chick  brain  were  similar  and  are  as  fol¬ 
lows:  8.5  mM  Mg++,  120  mM  K+,  pH  7.3  (at  37°C),  3 
mM  ATP,  0.75  mM  GTP,  and  a  mixture  of  L-amino  acids 
containing  20  ^M  of  each  amino  acid.  It  was  found 
that  ammonium  and  rubidium  ions  could  substitute  for 
K+  while  high  concentrations  of  lithium  and  sodium 
ions  could  not.  Under  optimum  conditions,  the  level 
of  incorporation  by  the  cerebellum  or  optic  lobes 
was  consistently  20  tp  40%  less  than  the  cerebrum. 

INTRODUCTION 


In  recent  years  interest  in  the  biochemical  study  of  the  brain  has 
mushroomed.  One  biochemical  process  often  studied  is  protein  synthesis. 
The  brain  is  a  rather  unique  tissue  in  that  its  development  and  maturation 
occur  to  a  significant  extent  before  birth;  therefore,  it  is  often  impor¬ 
tant  to  study  the  brain  during  embryonic  development.  All  studies  on  in 
vitro  protein  synthesis  in  brain  tissue  have  been  limited  to  mammalian 
systems  such  as  rats  (Campbell,  1966;  Clouet,  1966;  Campagnoni,  1967; 
Mahler,  1968;  Zomzely,  1966;  Zomzely-Neurath ,  1972),  mice  (Lerner,  1970), 
and  rabbits  (Stenzel,  1966).  Embryonic  studies  in  these  systems  are 
difficult  and  often  extremely  limited.  The  chick  provides  a  unique  sys¬ 
tem  where  embryonic  brain  tissue  can  be  easily  obtained  at  various  stages 
of  development  and  manipulated.  This  report  describes  the  first  charac¬ 
terization  of  an  in  vitro  protein  synthesis  system  from  chick  brain  and  a 
comparison  of  protein  synthetic  activities  of  different  regions  of  the 
chick  brain. 
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MATERIALS  AND  METHODS 


Animals.  Fertilized  White  Leghorn  eggs  were  obtained  from  the 
University  of  Illinois  Poultry  Farm  and  incubated  at  37.5°C  in  a  relative 
humidity  of  52%.  The  eggs  were  placed  on  racks  tilted  at  45°  and  turned 
12  times  daily.  Under  these  conditions,  the  hatchability  was  found  to  be 
80-90%.  After  hatching,  chicks  were  transferred  to  room  temperature  and 
fed  £d  libitum  a  commercial  feed  containing  18%  crude  protein,  3%  crude 
fat,  and  6%  crude  fiber.  In  addition,  the  feed  contained  the  drugs 
amprolium  (0.125%)  and  ethopabate  (0.0004%).  For  this  study  brains  from 
16-day-old  embryos  to  2-day-old  chicks  were  used.  These  ages  were  chosen 
because  protein  synthesis  was  found  to  be  high  during  this  period. 

Materials.  ATP,  GTP,  L-amino  acids,  creatine  phosphate,  creatine- 
phosphokinase  (E.C.  2. 7. 3. 2),  glutathione,  sucrose,  Sephadex  G-25,  N-2- 
hydroxy-ethyl-piperazine-N’-2-ethane  sulfonic  acid  (HEPES)  were  obtained 
from  Sigma  Chemical  Company,  St.  Louis,  Missouri.  Uniformly  labeled  L- 
1 ^C-valine  (specific  activity  210-252  mCi/m  mole)  was  purchased  from  New 
England  Nuclear,  Boston,  Mass. 

Preparation  of  post-mitochondrial  supernatant .  Embryos  or  chicks 
were  decapitated,  and  the  cerebrum,  cerebellum,  and  optic  lobes  were 
isolated  and  kept  on  ice  separately.  Samples  of  each  were  added  to  2 
volumes  of  homogenization  buffer  (adjusted  to  pH  7.3  at  room  temperature 
with  24  mM  KOH)  which  contained  50  mM  HEPES,  8.5  mM  MgCl2,  96  mM  KC1, 

0.25  M  sucrose  and  3  mM  glutathione.  The  presence  of  glutathione  in  the 
homogenization  buffer  was  found  to  increase  protein  synthesis  10-20%. 

Samples  were  then  homogenized  with  4-5  passes  of  a  Potter-Elvehjem  tissue 
grinder,  the  homogenates  were  centrifuged  at  20,000  xg  for  8  min  at  4°C, 
and  the  resulting  post-mitochondrial  supernatant  (PMS)  was  saved.  The  PMS 
of  the  three  regions  was  prepared  for  amino  acid  incorporation  by  passing 
1.35  ml  over  a  1.5  x  13  cm  Sephadex  G-25  column  (void  volume  of  15  ml) 
collecting  the  first  3-3.5  ml  of  PMS  eluting  from  column. 

In  vitro  protein  synthesis.  The  procedure  used  for  ijn_  vitro  amino 
acid  Incorporation  was  similar  to  that  previously  described  by  Richardson 
(1971)  for  rat  liver.  The  amino  acid  incorporation  system  consisted  of 
a  mixture  of  the  Sephadex  G-25  chromatographed  PMS  and  incorporation  medium. 
The  latter  contains  ATP,  GTP,  L-amino  acid  mixture  lacking  L-valine,  radio¬ 
active  L-valine,  and  an  energy  generating  system  of  creatine  phosphate 
and  creatine-phosphokinase . 

In  vitro  amino  acid  incorporation  was  initiated  by  addition  of  an 
equal  volume  of  chromatographed  PMS  to  the  incorporation  medium.  The 
final  concentration  of  the  components  in  the  reaction  mixture  was  as 
follows  unless  otherwise  indicated:  ATP,  3  mM;  GTP,  0.75  mM;  MgC^ , 

8.5  mM;  KC1,  71  mM;  L-amino  acid  mixture  -  valine,  50  jjM  of  each  amino 
acid;  radioactive  valine,  0.8  ^pCi/ml;  HEPES,  50  mM;  sucrose,  0.25  M; 
creatine  phosphate,  14.8  mM;  creatine-phosphokinase,  200  jJg/ml  (the  pH 
of  the  final  solution  was  adjusted  to  pH  7.3  at  37°C  with  KOH  resulting 
in  a  final  K  concentration  of  120  mM).  The  reaction  mixture  was  incubated 
at  37°C  for  60  min  unless  otherwise  indicated.  The  reaction  was  terminated 
by  adding  0.2  ml  of  the  reaction  mixture  to  2  ml  of  5%  trichloroacetic  acid 
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(TCA)  containing  0.25%  DL-valine.  Five  tenths  mg  of  bovine  serum  albumin 
was  added  to  each  sample  to  aid  in  the  precipitation  of  protein.  The 
resulting  solutions  were  heated  at  100°C  in  a  water  bath  for  10  min  to 
hydrolyze  the  radioactive  valine  bound  to  t  RNA.  The  precipitates  were 
collected  on  glass  fiber  filters,  washed  3  times  with  2  ml  of  5%  TCA  con¬ 
taining  0.25%  DL-valine,  and  dried.  The  radioactivity  incorporated  into 
the  acid  insoluble  material  was  determined  by  liquid  scintillation  counting 
in  a  Packard  Model  3003  Scintillation  Spectrometer,  using  0.392%  2 ,5-diphenyl- 
oxazole  and  0.008%  p-Bis-(0-methylstyryl)-benzene  in  toluene  as  the  scintil¬ 
lation  fluid.  The  radioactivity  was  expressed  as  disintegrations/min  (DPM) 
of  radioactive  valine  incorporated  into  acid  insoluble  material  per  pg  of 
RNA  in  PMS  used  for  incorporation.  The  amount  of  radioactive  valine  incor¬ 
porated  into  acid  insoluble  material  was  directly  proportional  to  the  amount 
of  RNA  in  the  PMS  preparation.  The  background  radioactivities  were  determined 
by  the  addition  of  0.1  ml  of  chromatographed  PMS  to  a  mixture  of  0.1  ml  of 
incorporation  medium  and  2  ml  of  5%  TCA  with  0.25%  DL-valine.  The  background 
ranged  from  100-300  DPM  while  the  level  of  radioactivity  incorporated  into 
acid  insoluble  material  ranged  from  2,000  to  10,000  DPM. 

Determination  of  RNA.  The  RNA  of  the  chromatographed  PMS  was  determined 
by  a  modified  Schmidt-Tannhauser  procedure  using  1.00  A^^0  =  32  pg  RNA/ml 
(Munro,  1966). 


RESULTS 


The  effect  of  temperature  on  the  incorporation  of  radioactive  valine 
into  acid  insoluble  material  by  the  cerebrum  from  chick  brain  is  shown  in 
Fig.  1.  The  highest  rate  of  incorporation  was  found  at  37°C  and  41°C.  The 
total  radioactivity  incorporated  at  37°C  after  60  min  of  incubation  was  10- 
15%  higher  than  incubation  at  41°C.  This  is  of  interest  since  the  body 
temperature  of  the  chick  is  41°C  (Weiss,  1962).  At  37°C,  incorporation  was 
linear  for  the  first  15-20  min  of  incubation  and  leveled  off  after  45-60 
min  of  incubation.  Incorporation  at  47°  was  greatly  reduced  being  only 
50%  of  that  obtained  at  37°C.  Incubation  at  25°C  decreased  the  rate  of 
incorporation  to  40%  of  that  observed  at  37°C;  however,  after  incubation 
for  85  min,  the  amount  of  incorporation  observed  at  25°C  was  similar  to 
that  obtained  at  37°C.  At  25°C  the  incorporation  was  linear  for  the  first 
30  to  35  min  of  incubation  indicating  that  in  vitro  initiation  of  protein 
synthesis  might  be  occurring  in  this  system.  Similar  results  were  found 
with  the  cerebellum  and  optic  lobes  of  the  brain  from  embryonic  stages 
as  well  as  from  chicks  after  hatching.  In  subsequent  studies  in  vitro 
protein  synthesis  is  expressed  as  the  amount  of  radioactive  valine  incor¬ 
porated  into  acid  insoluble  material  after  1  hr  of  incubation  at  37°C. 

Ionic  conditions  are  very  important  in  protein  synthesis.  Monovalent 
and  divalent  cations  affect  both  the  structural  integrity  and  biological 
function  of  ribosomes.  Mg++  is  essential  for  protein  synthesis,  and  Fig. 

2  shows  that  Mg++  requirement  for  in  vitro  protein  synthesis  by  the  cere¬ 
brum,  cerebellum,  and  optic  lobes  of  chick  brain.  The  optimum  concentration 
of  Mg++  fell  between  7  and  10  mM  for  all  three  regions  of  the  chick  brain. 

At  Mg  concentrations  below  2.5  mM  essentially  no  amino  acid  incorporation 
occurred,  while  concentrations  above  10  mM  were  inhibitory.  It  should  be 
noted  that  the  different  regions  of  the  brain  showed  different  incorporation 
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FIG.  1  —  Effect  of  various  temperatures 
on  in  vitro  amino  acid  incorporation  by 
the  cerebrum  from  embryonic  chick  brain. 
The  incorporation  of  radioactive  valine 
into  acid  insoluble  material  was  deter¬ 
mined  as  described  in  the  methods  sec¬ 
tion  at  25°C  (•),  37°C  (0),  41°C  (A  ), 
and  47°C  (  A  )  the  various  times 
of  incubation.  Each  point  represents 
the  average  of  the  duplicate  samples. 


FIG.  2  —  Effect  of  Mg  concen¬ 
tration  on  in  vitro  amino  acid 
incorporation  by  the  three  regions 
of  chick  brain.  The  incorporation 
of  radioactive  valine  into  acid  in¬ 
soluble  material  was  determined  as 
described  in  the  methods  section 
for  the  cerebrum  (0);  cerebellum 
(0);  and  the  optic  lobes  (•)  at 
the  indicated  concentrations  of 
MgC^.  Each  point  represents  the 
average  of  three  separate  experi¬ 
ments  . 


activities.  This  difference  was  most  apparent  at  the  optimum  Mg++  concen¬ 
tration.  The  in  vitro  amino  acid  incorporation  by  the  cerebrum  was  1.5 
fold  greater  than  the  cerebellum  or  optic  lobes.  No  significant  difference 
was  seen  in  the  incorporation  activities  of  the  cerebellum  and  optic  lobes. 
These  differences  will  be  seen  in  all  following  experiments  reported  herein. 


Fig.  3  shows  that  the  in  vitro  protein  synthetic  activity  of  chick 
brain  was  greatly  affected  by  the  K+  concentration.  For  maximum  activity 
all  three  regions  of  the  chick  brain  required  a  K+  concentration  of  120  mM. 
Higher  concentrations  were  inhibitory,  especially  to  the  cerebrum,  until  at 
a  concentration  of  225  mM,  there  was  little  difference  in  the  i_n  vitro 
protein  synthetic  activities  of  the  three  regions  of  the  chick  brain. 
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FIG.  3  —  Effect  of  K+  concen¬ 
tration  on  the  ijq  vitro  amino 
acid  incorporation  by  chick 
brain.  In  all  cases  the  pH 
of  the  final  reaction  mixture 
was  7.3  at  37°C,  which  was 
obtained  by  addition  of  KOH. 
The  various  levels  of  K+ 
were  obtained  by  varying  the 
level  of  KC1  in  the  reaction 
mixture.  Incorporation  of 
radioactive  valine  into  acid 
insoluble  material  was  deter¬ 
mined  as  described  in  the 
methods  section  for  the 
cerebrum  (0);  cerebellum  (9); 
and  optic  lobes  (•).  Each 
point  represents  the  average 
of  three  separate  experiments. 


It  was  of  interest  to  determine  what  effect  other  monovalent  cations 
had  on  in  vitro  protein  synthesis  by  chick  brain.  Table  1  shows  the  effect 
of  substitution  of  K+  by  ammonium  (NH4+),  sodium  (Na  ),  lithium  (Li+),  and 
rubidium  (Rb+)  ions.  Concentrations  of  50  mM  or  93  mM  of  the  different 
monovalent  cations  were  added  to  reaction  mixtures  containing  K+  at  a 
concentration  of  70  mM  or  27  mM  respectively.  With  these  combinations, 
the  final  concentration  of  monovalent  cations  was  120  mM.  Comparing  the 
amino  acid  incorporation  obtained  with  70  mM  K+  in  the  presence  and  absence 
of  the  various  monovalent  cations  at  50  mM  indicated  that  these  ions  could 
replace  the  K+  requirement  for  jin  vitro  protein  synthesis  by  all  three 
regions  of  the  chick  brain.  When  higher  concentrations  (93  mM)  of  the 
cations  were  added,  neither  Na+  nor  Li+  could  completely  replace  K+. 

In  fact  the  addition  of  93  mM  Na+  was  slightly  inhibitory  in  the  cerebrum 
and  optic  lobes  when  compared  to  control  where  no  ion  was  added.  Rb+  and 
NH^  ions  at  93  mM  were  found  to  completely  replace  K+.  In  the  cerebrum 
substitution  of  50  or  93  mM  NHq+  stimulated  protein  synthesis  8-14%,  while 

had  no  stimulatory  effect  on  amino  acid  incorporation  by  the  cerebellum 
or  optic  lobes.  Although  the  stimulation  of  iji  vitro  amino  acid  incorporation 
in  the  cerebrum  by  NH/1"  was  slight,  it  was  consistently  observed  at  all  con¬ 
centrations  tested.  Similar  studies  with  rat  brain  have  shown  that  ions 

can  completely  substitute  for  K+  ions  (Mahler,  1968)  and  increase  amino 
acid  incorporation  50%  (Campagnoni,  1967).  On  the  other  hand  substitution 
of  K+  ions  by  Na+  ions  has  been  shown  to  decrease  in  vitro  protein  synthesis 
by  rat  brain  or  rabbit  cerebral  cortex  (Campagnoni,  1967;  Zomzely-Neurath , 

1972  ). 
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tration  of  monovalent  cations  was  that  of  the  K  ,  70  or  27  mM.  The  incorporation  of  radioactive 
valine  into  acid  insoluble  material  was  determined  as  described  in  the  methods  section.  The 
incorporation  was  expressed  as  the  percent  of  that  obtained  in  the  presence  of  120  mM  K+.  Each 
value  represents  the  average  of  two  separate  experiments. 
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TABLE  1.  THE  EFFECT  OF  SODIUM,  AMMONIUM,  LITHIUM,  AND 
RUBIDIUM  IONS  ON  IN  VITRO  AMINO  ACID 


FIG.  4  —  Effect  of  pH  on  in  vitro 
amino  acid  incorporation  by  the  three 
regions  of  the  chick  brain.  The  homo¬ 
genization  buffer  was  maintained  at 
pH  7.3,  and  the  pH  of  incorporation 
medium  was  varied  by  adjusting  the 
concentration  of  KC1  and  KOH  of  the 
incorporation  medium  so  that  final 
concentration  of  K+  at  all  pH  values 
was  120  mM.  The  pH  values  were 
determined  by  measuring  the  pH  at  37°C 
of  1:1  mixtures  of  homogenization 
buffer  and  the  incorporation  media 
used  for  each  reaction  mixture.  The 
incorporation  of  radioactive  valine 
was  determined  as  described  in  the 
methods  section  for  the  cerebrum  (0); 
cerebellum  (©);  and  optic  lobes  (i). 
Each  point  represents  the  average 
of  two  separate  experiments. 


Concentration  (mM) 


FIG.  5  —  Effect  of  ATP  and  GTP 
concentrations  on  in  vitro  amino 
acid  incorporation  by  chick  brain. 
Graph  A  shows  the  effect  of 
various  levels  of  ATP  on  amino 
acid  incorporation  at  a  constant 
GTP  concentration  of  0.75  mM. 

Graph  B  shows  the  effect  of  GTP 
concentration  on  amino  acid 
incorporation  at  a  constant  ATP 
concentration  of  3  mM.  The 
incorporation  of  radioactive 
valine  into  acid  insoluble 
material  was  determined  as 
described  in  the  methods  section 
for  the  cerebrum  (0);  cerebellum 
(©);  and  optic  lobes  (•).  In 
both  graphs,  each  point  repre¬ 
sents  the  average  of  three 
separate  experiments. 


The  effect  of  the  hydrogen  ion  concentration  on  in.  vitro  amino  acid 
incorporation  by  chick  brain  is  shown  in  Fig.  4.  The  optimum  pH  was  found 
to  be  7.3  (at  37°C)  for  all  three  regions  of  the  brain  studied.  Higher  or 
lower  pH  values  drastically  reduced  the  level  of  amino  acid  incorporation 
obtained  with  each  region  of  the  chick  brain.  For  the  system  described 
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herein,  HEPES  was  the  buffer  used.  The  pKa  of  HEPES  at  37°C  has  been  shown 
by  Good  et  al.  (1966)  to  be  7.31  and,  therefore,  would  be  a  very  efficient 
buffer  at  pH  7.3.  In  addition,  HEPES  has  been  found  to  be  superior  to  Tris 
as  a  buffering  system  for  iri  vitro  protein  synthesis  by  rat  liver  (Hustor, 
1970;  Richardson,  1971). 

ATP  and  GTP  play  essential  roles  in  protein  synthesis.  GTP  is  the 
energy  source  for  several  reactions  involved  in  the  actual  process  of 
protein  synthesis.  On  the  other  hand  ATP  serves  as  a  source  of  energy  in 
the  formation  of  amino  acyl  tRNA  and  in  the  formation  of  GTP  from  GDP 
catalyzed  by  the  enzyme  nucleosidediphosphate  kinase  (EC  2. 7. 4. 6)  which 
would  be  present  in  the  PMS.  In  the  chick  brain  system  creatine  phosphate 
and  creatine- phosphokinase  were  used  as  the  energy-generating  system. 
Omission  of  this  energy-generating  system  resulted  in  a  45%  decrease  in 
amino  acid  incorporation.  The  creatine  phosphate,  creatine-phosphokinase 
system  has  been  found  superior  to  the  phosphoenolpyruvate,  pyruvate-kinase 
(EC  2.7.1.40)  energy-generating  system  for  in  vitro  protein  synthesis  in 
rabbit  reticulocytes  (Adamson,  1969)  and  rat  liver  (Falvey,  1970).  Fig.  5 
shows  the  effect  of  ATP  and  GTP  concentrations  on  amino  acid  incorporation. 
The  optimum  concentrations  of  ATP  and  GTP  appeared  to  be  approximately  3  mM 
and  0.75  mM  respectively  for  each  region  of  the  brain.  In  absence  of  ATP 
or  GTP,  incorporation  was  decreased  by  80%  and  50%  respectively.  Higher 
concentrations  of  ATP  were  quite  inhibitory  This  is  probably  due  to  the 
nucleotide  triphosphate  complexing  with  Mg 

It  is  obvious  that  an  exogenous  supply  of  L-amino  acids  would  be 
required  for  iri  vitro  protein  synthesis  to  occur.  However,  it  is  generally 
quite  difficult  to  demonstrate  an  amino  acid  requirement  for  In  vitro 
protein  synthesis  (Richardson,  1971;  Zomzely-Neurath,  1972).  In  order  to 
obtain  consistent  results  in  this  study  it  was  necessary  to  wash  all  glass¬ 
ware  very  carefully  to  avoid  even  slight  contamination  of  amino  acids. 

Table  2  shows  the  effect  of  various  amino  acid  levels  on  ija  vitro  protein 
synthesis  by  chick  brain.  In  the  absence  of  amino  acid  supplementation 
incorporation  was  decreased  25-30%.  The  optimal  level  of  amino  acids 
appeared  to  be  around  20  jliM  for  all  three  regions  of  the  chick  brain.  High 
concentrations  of  L-amino  acids  were  observed  to  inhibit  iri  vitro  protein 
synthesis.  Previous  studies  with  rat  liver  (Liew,  1970;  Wannemacher,  1970; 
Richardson,  1971)  and  rat  brain  (Folbergrova ,  1966;  Peterson,  1969;  Lamar, 
1971)  have  also  shown  that  high  levels  of  amino  acids  inhibit  in  vitro 
protein  synthesis.  Studies  with  rat  brain  indicate  that  this  inhibition 
occurs  after  the  formation  of  the  pH  5  enzyme-AMP-amino  acid  complex  but 
prior  to  the  formation  of  the  amino  acyl  tRNA  molecule  (Lamar,  1971). 

DISCUSSION 


Characterization  of  the  first  in  vitro  protein  synthesis  system  from 
chick  brain  and  factors  affecting  its  activity  have  been  described.  Condi¬ 
tions  for  optimum  in  vitro  protein  synthesis  by  the  cerebrum,  cerebellum, 
and  optic  lobes  of  the  chick  brain  were  found  to  be  identical.  These  condi¬ 
tions  are  similar,  but  not  identical,  to  conditions  previously  reported  for 
in  vitro  systems  from  rat  brain  (Campbell,  1966;  Clouet,  1966;  Zomzely- 
Neurath,  1972).  The  PMS  system  from  chick  brain  described  herein  is  very 
simple,  can  be  obtained  with  few  manipulations,  requires  only  a  small  brain 
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Table  2 


EFFECT  OF  AMINO  ACID  CONCENTRATION 
ON  IN  VITRO  PROTEIN  SYNTHESIS 


Amino  acid  cone.  _ PPM  per  yig  RNA 


CpM) 

Cerebrum 

Cerebellum 

Optic  lobes 

0 

636.2 

456.3 

548.4 

0.5 

653.0 

508.1 

560.1 

2.5 

728.2 

560.6 

631.8 

7.5 

860.3 

612.4 

689.7 

20 

888.9 

641 .6 

747.1 

50 

877.5 

583.3 

728.5 

200 

753.8 

535.0 

606.8 

The  incorporation  of  radioactive  valine  into  acid  insoluble 
material  was  determined  as  described  in  methods  except  that  the 
concentration  of  the  L-amino  acid  mixture  lacking  L-valine  was 
varied.  The  various  concentrations  of  amino  acids  represents  the 
concentration  of  each  amino  acid  in  the  L-amino  acid  mixture. 

Each  value  represents  the  average  of  two  separate  experiments. 


sample,  and  has  a  high  protein  synthetic  activity.  The  amount  of  in  vitro 
protein  synthesis  obtained  from  the  chick  brain  cerebrum  was  5-15  fold 
higher  than  those  previously  reported  from  rat  brain  (Campbell,  1966;  Dunn, 
1970;  Murthy,  1972).  The  PMS  from  the  cerebrum  of  16-day-old  embryos  to 
2-day-old  chicks  routinely  incorporated  0.8  -  1.6  pmoles  of  L-valine  per 
pg  of  RNA  into  acid  insoluble  material  when  incubated  for  60  min  at  37°C. 

Two  experiments  suggest  that  in  vitro  initiation  of  protein  synthesis 
is  occurring  in  the  chick  brain  system.  First,  kinetics  of  amino  acid 
incorporation  by  this  system  are  comparable  to  the  kinetics  obtained  with 
a  system  from  rabbit  reticulocytes.  Adamson  et  al.  (1969)  have  shown  that 
the  addition  of  heme  is  necessary  for  in  vitro  initiation  in  the  rabbit 
reticulocyte  system.  In  the  absence  of  heme  the  incorporation  of  radioactive 
amino  acids  was  linear  for  10  min  at  37°C  or  20  min  at  26°C  while  amino 
acid  incorporation  was  linear  for  25  min  at  37°C  or  40  min  at  26°C  in  the 
presence  of  heme  (Adamson,  1968).  In  the  chick  brain  system  the  incorporation 
of  radioactive  valine  was  linear  for  the  first  10-20  min  of  incubation  at 
37°C  and  complete  only  after  40  min  of  incubation.  At  25°C  the  incorporation 
of  radioactive  valine  was  linear  for  the  first  30-35  min  and  not  complete 
until  after  60-70  min  of  incubation.  Thus,  the  kinetics  of  amino  acid  incor¬ 
poration  by  the  PMS  system  from  chick  brain  are  comparable  to  the  kinetics  of 
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the  rabbit  reticulocyte  system  when  heme  is  present  and  in  vitro  initiation 
of  protein  synthesis  occurs. 

One  of  the  most  interesting  findings  from  this  study  was  that  different 
regions  of  the  chick  brain  differ  with  respect  to  vitro  protein  synthesis. 
For  example,  the  presence  of  ammonium  ions  stimulate  i_n  vitro  protein  syn¬ 
thesis  by  the  cerebrum  10-15%  while  no  effect  is  apparent  in  the  cerebellum 
or  optic  lobes.  A  higher  rate  of  iji  vitro  initiation  by  the  PMS  system  from 
cerebrum  might  partially  account  for  its  higher  protein  synthetic  activity. 
Studies  are  currently  underway  to  determine  why  the  in  vitro  protein  synthetic 
activity  of  the  three  regions  of  the  chick  brain  differ. 
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FIRST  RECORD  OF  REITHRODQNTQMYS  ME  GAL,  OTIS 
NORTH  OF  THE  KANKAKEE  RIVER  IN  ILLINOIS 

Carl  N.  Becker 

Industrial  BIO-TEST  Laboratories,  Inc. 

1810  Frontage  Road 
Northbrook,  Illinois  60062 

Abstract. --Reithrodontomys  megalotis  is  recorded 
east  and  north  of  the  Des  Plaines  and  Kankakee 
River  systems  in  Illinois .  Habitat  and  associated 
small  mammal  species  are  briefly  discussed. 

The  eastern  movement  of  the  western  harvest  mouse,  Reithrodontomys 
megalotis,  in  Illinois  has  been  documented  by  Hoffmeister  and  Warnock 
(1955),  Klimstra  (1957),  Stains  and  Stucky  (I960),  Verts  (I960),  Stains  and 
Turner  (1962),  Birkenholtz  (1967,  1973),  Pinkham  and  Meade  (1970)  and 
Stupka  et  al.  (1972).  Reithrodontomys  megalotis  has  also  been  recorded  in 
east  central  Indiana  by  Whitaker  and  Sly  (1970).  Records  of  R.  megalotis 
are  numerous  west,  northwest,  and  southwest  of  the  Illinois  River.  Stupka 
et  al.  (1972)  recorded  R.  megalotis  west  of  the  Des  Plaines  River  in  Will 
County  however,  it  has  not  been  recorded  east  and  north  of  the  Des  Plaines 
and  Kankakee  River  systems  in  Illinois  or  Indiana  (Whitaker,  personal 
communication).  Specimens  from  an  industrial  development  site  seven  miles 
north  of  Wilmington  (T34N,  R9E,  Sec.  29)  in  Will  County  extend  the  known 
range  of  R.  megalotis  east  of  the  Des  Plaines  River  and  north  of  the  Kanka¬ 
kee  River  in  Illinois.  * 

Small  mammals  were  censused  during  September,  December  1973  and 
May  1974  in  four  plant  communities  (abandoned  field,  wooded  old  field, 
marsh,  and  floodplain  woods)  on  an  industrial  site  and  the  adjacent  Des 
Plaines  Conservation  Area.  Two  lactating  adult  females  and  one  immature 
male  R.  megalotis  were  captured  in  the  marsh  community. 

Herbaceous  species  associated  with  R.  megalotis  in  the  marsh  were 
prairie  cordgrass  (Spartina  pectinata),  spotted  smartweed  (Polygonum 
punctatum)  muhly  (Muhlenbe rg ia  spp.),  American  bugleweed  (Lycopus 
americanus),  and  common  cattail  (Typha  latifolia).  This  habitat  differs 
from  those  described  by  Hoffmeister  and  Warnock  (1955),  Verts  (I960), 
Birkenholtz  (1967),  and  Whitaker  and  Mumford  (1972),  who  recorded 
R.  megalotis  occupied  more  xeric  grassland  habitats. 

Forty  small  mammals  were  taken  in  the  marsh  in  a  900  trap-night  (TN) 
effort  during  September,  December  1973  and  May  1974.  Reithrodontomys 
megalotis  accounted  for  7.4%  (0.33/100  TN)  of  the  total  catch.  Small 
mammals  associated  with  R.  megalotis  included  Microtus  pennsylvanicus 

1  Skins  and  skulls  are  stored  in  the  Industrial  BIO-TEST  Laboratory  museum. 
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(1.67/100  TN),  Blarina  brevicauda  (0.89/100  TN),  So  rex  cine  reus 
(1.  11/100  TN),  Peromyscus  leucopus  (0.33/100  TN),  and  Mus  musculus 
(0.  11/100  TN).  Similar  small  mammal  associations  were  reported  by  Verts 
(I960),  Birkenholtz  (1967),  and  Whitaker  and  Mumford  (1972). 

The  abundance  of  woody  vegetation  in  the  wooded  old  field  and  floodplain 
woods  was  the  apparent  reason  for  the  absence  of  R.  megalotis  in  those 
communities.  Verts  (I960)  noted  R.  megalotis  avoided  wooded  habitats  in 
northwestern  Illinois.  The  abandoned  field  provided  suitable  habitat  for 
R.  megalotis ;  however  none  was  captured  in  this  community.  The  abundance 
of  Sorex  cine  reus,  Blarina  brevicauda  and  Microtus  pennsylvanicus  may  have 
been  a  limiting  factor. 

This  work  was  performed  under  contract  with  the  Dow  Chemical  Com¬ 
pany  as  part  of  an  ecological  study  of  Dow's  Industrial  Development  Site  in 
Will  County,  Illinois.  Thanks  are  due  to  Warren  Buchanan  who  conducted 
the  vegetation  survey. 
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A  RANGE  EXTENSION  OF  THE  EASTERN  BOX  TURTLE  (TERRAPENE 
CAROLINA)  IN  ILLINOIS 

Roger  Do  Applegate,  Western  Ill.  Univ. 

Macomb 

ABSTRACT . --This  paper  presents  a  record  of  the  Eastern 
Box  Turtle  (Terrapene  Carolina)  outside  of  it's 
previously  delineated  range  in  Illinois. 


Recently  I  have  had  an  opportunity  to  examine  some 
specimens  of  the  Eastern  Box  Turtle  (Terrapene  Carolina) from 
a  woodland  area  in  Sec.  10  &  11,  T  10  N,  R  5  W,  Morgan  County, 
Illinois.  This  location  is  outside  the  range  for  the  species 
delineated  by  Smith  (1961),  This  location  is  approximately 
35  miles  north  of  that  range  and  40  miles  east. 

Smith  (1961)  states  that  certain  records  of  this  turtle 
in  Illinois  must  be  disregarded  due  to  the  possibility  that 
they  were  transported  into  areas  by  humans  and  allowed  to  escape. 
It  is  difficult  to  determine  the  status  of  this  species  because 
of  this  record's  proximity  to  the  natural  range  and  also  due 
to  the  ease  at  which  specimens  could  have  been  translocated. 
However,  this  species  has  apparently  been  successfully  re¬ 
producing  because  of  the  wide  variation  of  size  of  the  specimens 
and  one  juvenile. 

The  series  of  specimens  collected  were  of  variable  sizes, 
with  females  (5)  ranging  122-151  (X=138)  and  males  (5)  ranging 
94-143  (X=129).  All  measurements  are  carapace  lengths  in  mm's. 

All  specimens  were  collected,  studied  and  released  unharmed 
where  they  were  taken  because  of  a  concern  over  the  conservation 
of  reptiles. 

I  wish  to  acknowledge  the  assistance  of  C.  W.  Zimbleman 
of  Danville,  Illinois  who  cared  for  the  turtles  while  they  were 
captive  and  to  Dr.  P.  W.  Smith,  Illinois  Natural  History  Survey, 
Urbana,  for  positive  identification  of  the  specimens. 
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CONODONTS  OF  THE  MECCA  QUARRY  SHALE 
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Museum  of  Natural  History 


Abstract 

Conodonts  were  found  to  be  abundant  in 
the  Middle  Pennsylvanian,  Mecca  Quarry  Shale, 
Parke  County,  Indiana.  Nine  forms  were  iden¬ 
tified  in  this  black  fissile  shale  from  a  lo¬ 
cality  along  Montgomery  Creek  near  the  town  of 
Mecca.  These  elements  are:  Hindeodella  parva, 
Idiognathodus  delacatus ,  Gondolella  sp . ,  Ozar- 
kodina  delacatula ,  Lonchodina  clarki ,  Li  gono- 
dina  t ypa ,  Lonchodus  simplex,  Metalonchodina 
bidentata ,  and  Neoprioniodus  conjunctus .  Ratios 
of  elements  to  each  other  were  determined  and 
used  to  arrive  at  an  idea  of  what  possible  cono- 
dont  assemblages  were  present.  At  least  three 
assemblages  are  suspected;  Scottognathus ,  Dub- 
oisella,  and  Illinella .  These  assemblages  com¬ 
pare  well  with  what  is  known  to  be  present  in 
other  Pennsylvanian  shales  described  by  Collin- 
son  et  al.  (1972).  No  natural  intact  assem¬ 
blages  were  found  in  the  shale. 

Introduction 


The  Mecca  Quarry  Shale  member  is  part  of  the  Linton  Formation 
in  Indiana.  It  consists  of  evenly  bedded,  sheety,  alternating 
gray  and  black,  carbonaceous  shale.  The  Mecca  Quarry  Shale  lies 
upon  a  transgression  shell  breccia  and  the  Indiana  Coal  IIIA. 

A  marine  limestone  overlies  the  Mecca  Quarry  Shale.  The  Mecca 
Quarry  Shale  member  is  1'  1/8"  in  thickness  (Zangrel  and  Rich¬ 
ardson  ,  1963)  . 

Along  Montgomery  Creek  the  upper  limestone  layer  has  been 
partly  removed  by  erosion.  The  Mecca  Quarry  Shale  is  exposed  on 
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discrete  conodont  elements  that  are  presumed  to  represent  parts  of 
one  animal  (Hass,  1962).  Scott  (1934)  was  the  first  to  describe  a 
convincing  natural  assemblage.  Although  most  conodont  elements 
have  been  named,  it  has  now  been  generally  accepted  that  the  single 
elements  described  as  species  are  in  reality  parts  of  assemblages 
(Jeppsson,  1971).  Assemblages  were  originally  named  for  the  dis¬ 
coverer,  or  the  location  in  which  the  assemblage  was  first  discovered. 
The  acceptable  method  of  naming  assemblages  would  be  to  use  the 
name  of  the  first  named  element.  The  other  individual  elements  of 
the  assemblage  are  numbered  rather  than  receiving  an  individual 
name.  This  trend  is  due  to  the  ever  increasing  importance  of  the 
assemblage  over  the  individual  element  in  conodont  classification 
as  more  natural  assemblages  are  found.  This  taxonomy  based  on 
the  reconstruction  of  the  skeleton  of  the  conodont  bearing  animal 
is  one  of  the  most  widely  used  methods  at  this  time.  Lindstrom 
(1970)  has  proposed  a  suprageneric  taxonomy  for  naming  single  cono¬ 
dont  element  assemblages.  There  is  thus  a  great  deal  of  confusion 
in  settling  on  an  acceptable  nomenclature  for  natural  assemblages 
as  assemblage  names  are  converted  to  the  new  prominent  element 
system.  Klapper  and  Phillip  (1971)  observed  that  conodont  taxonomy 
rested  on  unsure  foundation  and  that  nomenclature  could  only  be 
provisional.  In  this  paper,  the  original  name  given  to  the  cono¬ 
dont  assemblages  is  to  be  used. 

Conclusions  as  to  the  assemblages  present  in  the  Mecca  Quarry 
Shale  are  based  on  ratios  of  elements  to  each  other  as  well  as 
individual  species  of  elements  located  in  the  shale  (Table  1), 

In  all  cases,  the  ratios  of  elements  to  each  other  do  not  corres¬ 
pond  exactly  to  expected  ratios  due  to  the  fact  that  only  elements 
were  counted  that  were  complete  enough  to  be  identified  as  one 
individual  element.  Certain  species  have  high  fragmentation  rate 
and  could  not  be  counted  accurately.  Lonchodus  simplex  is  an  ele¬ 
ment  that  suffers  a  high  amount  of  breakage  in  extraction.  The 
individual  element  types,  and  in  most  cases  the  ratios  of  the  ele¬ 
ments  to  each  other,  correspond  to  information  recorded  by  Rhodes 
(1952)  and  Collinson  et  al.  (1972)  for  conodont  assemblages  from 
a  Pennsylvanian  black  shale  of  La  Salle  County,  Illinois. 

Scottognathus  as  described  by  Scott  (1934)  and  named  by 
Rhodes  (1952)  is  almost  surely  present  (Table  1).  Scottognathus 
contains  one  pair  of  Idiognathodus  delacatus ,  one  pair  of  Ozar- 
kodina  delacatula,  four  pairs  of  Hindeodella  parva,  and  one  pair 
of  S ynprioniodina  sp . ,  this  last  of  which  no  positively  identi¬ 
fiable  elements  were  found  in  the  Mecca  Quarry  Shale  (ratio  of 
1:1:4:1).  This  assemblage  has  also  been  refered  to  as  Idiogna¬ 
thodus  for  the  prominent  Idiognathodus  element  (Baesemann,  1973). 
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Duboisella  was  discovered  by  Du  Bois  (1943)  and  named  by 
Rhodes  (1952)  is  probably  present  in  the  shale  (Table  1) .  Duboi¬ 
sella  contains  two  pairs  of  Ligonodina  typa,  two  pairs  of  Lono- 
chodina  clarki,  a  pair  of  Metalonchodina  bidentata,  a  pair  of 
Neoprioniodus  con junctus ,  and  a  pair  of  Hibbardella  sp . ,  this 
last  of  which  no  elements  were  positively  identified  although 
there  were  two  possible  Hibardella  fragments  (ratio  of  2:2: 1:1:1). 
This  assemblage  has  also  been  called  Idioprioniodus  (Baesemann, 
1973) . 


I lline 11a  another  Pennsylvanian  assemblage  described  by 
Rhodes  (1952)  is  also  possibly  present  (Table  1).  Illinella 
contains  one  pair  of  Gondolella  sp .  a,  two  pairs  of  Lonchodina 
clarki,  and  four  pairs  of  Lonchodus  simplex  (ratio  of  1:2:4). 

The  single  element  Gondolella  is  most  numerous  due  to  its  stout¬ 
ness  resulting  in  low  breakage  as  compared  to  Lonchodina  and 
Lonchodus  which  are  very  fragile  and  easily  broken.  The  Illi¬ 
nella  assemblage  is  often  denoted  as  Gondolella  for  the  promin¬ 
ent  Gondolella  element. 

Although  no  actual  natural  assemblages  were  located  in  exa¬ 
mining  bedding  surfaces  of  the  shale,  numbers  and  ratios  of  ele¬ 
ments  collected  along  with  substantiating  literature  of  other 
Pennsylvanian  assemblages  indicate  probable  assemblages  present. 
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ECOLOGICAL  NOTES  ON  ISOLATED  STANDS  OF  QUAKING  ASFEN  IN  CENTRAL  ILLINOIS 

Lauren  E.  Brown  and  Dale  E.  Birkenholz 
Dept,  of  Biological  Sciences,  Illinois  State  University,  Normal  617 61 

ABSTRACT.  -  Ecological  observations  are  reported 
on  three  newly  discovered  isolated  stands  of  quaking 
aspen  ( Populus  tremuloides )  in  central  Illinois.  The 
stands  consist  of  297,  96  and  2b  trees  which  are  of 
relatively  young  ages.  Most  of  the  associated  tree 
species  are  not  those  typically  found  with  P. 
tremuloides .  The  populations  of  P.  tremuloides  may  be 
relictual  but  because  of  the  young  ages  of  the  trees, 
long  distance  seed  dispersal  seems  to  provide  a  better 
explanation  for  their  origin. 

The  quaking  aspen  ( Populus  tremuloides  Michx.)  is  widely  distributed 
throughout  northern  North  America  and  extends  southward  through  the  western 
mountain  ranges  (Fowells,  1965).  The  species  is  found  in  northern  and 
northwestern  Illinois  with  a  few  isolated  populations  occurring  further  south 
(Mohlenbrock,  1973)*  We  report  ecological  observations  on  three  newly 
discovered  isolated  stands  of  P.  tremuloides  in  McLean  Co.  in  central  Illinois. 
This  species  has  not  been  previously  reported  from  this  area.  The  nearest 
known  populations  are  in  Peoria  and  Champaign  Counties  (Mohlenbrock,  1973)* 

The  largest  stand  in  McLean  Co.  is  located  2.6  mi.  NNW  of  Hudson  on  a 
railroad  right-of-way  adjacent  to  a  cultivated  field.  It  is  a  dense  population 
composed  of  297  trees  (including  saplings).  There  are  also  a  number  of  dead 
trees  in  the  center  of  the  stand.  Maximum  width  and  length  of  the  area  on 
which  the  stand  occurs  are  3b  ft.  and  178  ft.,  respectively.  The  mean  d.b.h. 
(diameter  at  breast  height)  of  30  trees  selected  at  random  is  3*00  in. 

(range  =  1. 0-9.0  in.).  Cores  from  five  trees  with  d.b.h. 's  of  9*0,  b.3,  2.9, 
2.2  and  1.2  in.  indicate  ages  of  19,  16,  9,  3  and  6  years,  respectively. 
Associated  trees  and  shrubs  include  Primus  serotina,  Ulmus  rubra ,  Acer  negundo, 
Celt is  occidentalis  and  Rhus  glabra .  A  second  stand  occurs  3»1  mi.  NNE  of 
Hudson,  and  1.0  mi.  NE  of  the  railroad  right-of-way  stand.  It  is  composed  of 
2b  saplings  scattered  along  a  roadside.  The  area  in  which  they  are  found  is 
lb6  ft.  long.  Associated  trees  and  shrubs  are  P.  serotina,  Maclura  pom if era, 
Cary a  ovata  and  Viburnum  prunifolium.  The  third  population  is  located  3*2  mi. 
NNE  of  Hudson  and  0.6  mi.  E  of  the  roadside  stand.  It  occurs  along  the  border 
of  a  wide  wooded  fence  row  and  hay  field.  Ninety-six  P.  tremuloides  were 
located  ranging  from  sapling  size  to  a  maximum  d.b.h.  of  6.0  in.  The  mean 
d.b.h.  of  the  five  largest  trees  is  9.08  in.  (range  =  b.9-6.0  in.).  The  area 
on  which  the  stand  occurs  has  a  length  of  96  ft.  and  maximum  width  of  38  ft. 
Associated  trees  and  shrubs  are  F.  serotina,  U.  rubra ,  Acer  saccharum, 

Gleditsia  triacanthos,  Quercus  imbricaria,  Q.  rubra,  Q.  alba,  Q.  velutina, 
Crataegus  sp.,  Corylus  americana,  Zanthoxylum  americanum  and  R.  glabra . 
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The  trees  in  the  railroad  right-of-way  and  fence  row  stands  are  close 
enough  together  that  it  seems  probable  that  each  stand  may  represent  a  single 
clone.  In  contrast,  the  saplings  of  the  roadside  stand  are  scattered  and  it 
would  seem  improbable  that  they  are  of  one  clone.  Most  of  the  associated  tree 
and  shrub  species  are  not  those  typically  known  to  occur  with  P.  tremuloides 
(see  Fowells,  1965).  There  are  two  explanations  for  this.  First,  many  of  the 
tree  species  normally  associated  with  P.  tremuloides  in  eastern  North  America 
and  near  prairie  borders  are  northern-adapted  species  which  do  not  occur  in 
McLean  Co.,  Ill.  (see  Fowells,  1965  and  Mohlenbrock,  1973).  Secondly,  the 
stands  of  P.  tremuloides  in  McLean  Co.  occur  in  colonizing  situations.  Other 
pioneering  species  not  usually  associated  with  P.  tremuloides  are  present  in 
the  McLean  Co.  stands  of  quaking  aspen.  It  is  unlikely  that  the  P.  tremuloides 
were  planted  as  ornamentals  since  there  are  no  human  residences  near  the 
stands.  The  populations  may  be  relictual  or  they  may  owe  their  existence  to 
long  distance  seed  dispersal.  The  relatively  young  ages  of  the  trees  suggests 
the  latter. 

We  thank  J.  Brown,  R.  S.  Funk,  D.  Moll  and  J.  Tucker  for  critically 
reading  the  manuscript. 
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COMPOSITION  OF  MONOTERPENES  IN  LOBLOLLY 
PINE  AT  DIFFERENT  STEM  HEIGHTS 

A.  R.  Gilmore 

Department  of  Forestry,  University  of  Illinois 
at  Urb ana- Champaign 


Abstract.  Four  of  the  five  monoterpenes  found  in  the 
oleoresin  of  loblolly  pine  varied  with  sampling  posi¬ 
tion  on  the  stem.  Data  suggest  that  intermolecular 
rearrangement  of  alpha-pinene  and  beta-pinene  might 
occur . 

Differences  in  the  composition  of  oleoresin  from  various  posi¬ 
tions  in  the  stem  have  been  reported  for  some  coniferous  species  but  not 
for  others.  For  example,  in  Monterey  and  Bishop  pines,  Bligh  and 
McDonald  (1964)  found  little  variation  in  xylem  oleoresin  from  one  stem 
position  to  another.  In  studying  four  species  of  Abies 3  Zavarin  (1968) 
found  monoterpenes  to  be  quite  consistent  at  different  stem  levels.  Smith 
(1964),  working  with  ponderosa  pine,  found  little  difference  in  oleoresin 
composition  from  different  annual  rings.  Conversely,  Roberts  (1970)  re¬ 
ported  that  oleoresin  components  varied  with  height  of  sampling  point 
above  the  ground  and  that  differences  in  oleoresin  composition  also  oc¬ 
curred  among  annual  rings  of  the  same  tree. 

The  variations  in  the  composition  of  monoterpenes  at  different 
stem  heights  in  loblolly  pine  (Pinus  taeda  L. )  are  reported  in  this  note. 


METHODS 


Loblolly  pines  used  in  this  study  were  planted  in  extreme  southern 
Illinois  in  1946  using  seedlings  from  an  unknown  seed  source.  At  the  be¬ 
ginning  of  the  study,  the  sample  trees  averaged  20  cm  in  diameter  and  15  m 
in  height.  All  trees  were  naturally  pruned  about  two- thirds  of  the  total 
height.  Plots  averaged  325  trees  per  hectare  with  a  basal  area  of  39  square 
meters  per  hectare. 

Oleoresin  samples  were  collected  from  two  trees  on  each  of  six 
replicate  plots  on  11  dates,  starting  May  1,  1968,  and  at  intervals  of  two 
weeks  thereafter  until  September  24,  1968.  The  oleoresin  was  collected  at 
0.3,  3.4,  6.4,  and  9.4  m  above  ground  level  by  making  V-notch  cuts  that  ex¬ 
tended  through  the  stem  bark  to  the  cambium.  The  oleoresin  oozing  from  each 
cut  was  placed  in  a  small  vial  and  the  samples  were  frozen  shortly  after 
collection . 

The  oleoresin  samples  were  dissolved  in  pentane  and  the  analyses 
were  performed  using  a  Hewlett-Packard,  Model  5750  Gas  Chromatograph 
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equipped  with  dual  hydrogen-air  ionization  detectors  and  disc  integrator. 
A  stainless  steel  column  packed  with  20%  Carbowax  20M  liquid  phase  on  60- 
80  mesh,  acid-washed  Chromosorb  W  solid  support  was  used  in  detecting  the 
monoterpenes .  Each  monoterpene  was  identified  by  comparing  its*  relative 
retention  time  with  that  of  a  known  monoterpene  that  had  been  analyzed 
under  the  same  conditions  as  the  sample.  The  %  composition  of  each  mono¬ 
terpene  was  calculated  from  mechanical  integrator  traces  of  area  under 
each  peak  as  related  to  the  total  area  of  all  monoterpene  peaks. 


RESULTS  AND  DISCUSSION 


Five  terpenes  found  in  the  pine  oleoresin  in  the  order  in  which 
they  eluted  from  the  gas  chromatograph  column  were  alpha-pinene ,  camphene, 
beta-pinene,  myrcene,  and  limonene.  Alpha-pinene  was  consistently  in 
greater  concentration,  followed  by  beta-pinene,  camphene,  myrcene,  and 
limonene  were  in  low  concentrations,  usually  less  than  five  %  (Table  1). 


Table  1.  Average  terpene  concentrations  of  loblolly  pine  samples 
at  different  stem  heights. 


_ Terpene  concentration _ 

Stem  height  Alpha  Beta 

(meter) pinenea  Camphene  pinene_ Myrcene  Limonene 


0.3 

86.6 

2.0 

- percent - 

4.4 

5.0 

2.1 

3.4 

79.5 

1.8 

10.9 

5.2 

2.5 

6.4 

75.1 

1.7 

15.6 

5.0 

2.5 

9.4 

72.0 

1.  7 

19.0 

5.0 

2.  3 

a 

Differences  between  height  significant  at  5%  level. 


Alpha-pinene  and  camphene  decreased  with  increasing  stem  height, 
while  beta-pinene  increased  with  increasing  stem  height  and  limonene  in¬ 
creased  in  the  lower  part  of  the  stem  before  reaching  a  plateau  near  the 
crown  (Table  1). 

Zavarin  (1968)  reported  that  practically  no  seasonal  change  in 
terpene  composition  was  observed  in  four  Abies  species.  If  his  findings 
hold  true  for  loblolly  pine,  which  has  been  indicated  in  work  by  the  author, 
this  means  that  oleoresin  obtained  from  each  vertical  sampling  position  in 
the  present  study  represents  oleoresin  produced  by  and  stored  within  dif¬ 
ferently  aged  tissue.  It  then  follows  that  results  obtained  in  the  present 
study  agree  with  those  obtained  by  Roberts  (1970)  for  slash  pine  and 
Poltavcenko  et  al.  (1968)  for  Scotch  pine  in  that  alpha-pinene  increases 
with  increasing  tissue  age.  Also,  beta-pinene  decreased  with  age  in  this 
study,  as  it  did  for  slash  pine,  and  limonene  decreased  with  age,  as  it 
did  for  Scotch  pine. 
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Of  particular  interest  is  the  relationship  between  alpha-pinene 
and  beta-pinene  concentrations;  a  variation  in  alpha-pinene  concentration 
is  met  with  a  corresponding  complementary  variation  in  beta-pinene  concen¬ 
tration.  For  example,  alpha-pinene  decreased  by  14.6%  from  the  lowest  to 
the  highest  position  on  the  stem.  Alike  but  positive  change  of  14.6%  oc¬ 
curred  for  beta-pinene  at  these  stem  positions.  Similar  results  were  ob¬ 
tained  in  slash  pine  by  Roberts  (1970).  The  close  similarity  in  molecular 
structure  of  the  two  terpenes,  suggest  that  intermolecular  rearrangement 
of  alpha-pinene  and  beta-pinene  might  occur.  This  hypothesis  is  supported 
by  Schweers  (1968),  who  obtained  radioactive  beta-pinene  from  macerated 
pine  material  to  which  labeled  alpha-pinene  had  been  added. 

This  study  demonstrates  as  did  Rockwell  (1973)  that  terpene  con¬ 
centrations  in  loblolly  pine  tissue  are  not  constant,  but  vary  significantly 
with  vertical  sampling  positions.  This  factor  should  be  considered  when 
selecting  sampling  sites  for  terpene  analysis. 
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BRYOPHYTES  OF  SHELBY  COUNTY,  ILLINOIS1*2 

Linda  L.  Spessard  and  Charles  B.  Arzeni 
Department  of  Botany 

University  of  Tennessee,  Knoxville,  Tennessee  37916 

and 

Department  of  Botany 

Eastern  Illinois  University,  Charleston,  Illinois  61920 

ABSTRACT 71  species  of  mosses  represent¬ 
ing  51  genera  and  15  species  of  liverworts 
representing  13  genera  plus  1  genus  of 
hornwort  are  reported  for  Shelby  County, 

Illinois.  Five  new  reports  for  Illinois 
are  given. 

A  two  and  one-half  year  taxonomic  study  was  made  of  the 
mosses  and  liverworts  of  Shelby  County,  Illinois.  Shelby 
County  is  located  in  the  southeast  central  part  of  Illinois, 
occupying  a  total  area  of  about  767  square  miles.  Shelby 
County  has  an  average  elevation  of  650  feet  and  the  average 
rainfall  is  41.3  inches.  The  prevailing  topography  of  the 
southern  and  western  parts  of  Shelby  County  is  essentially 
that  of  a  flat  plain  which  has  been  partially  dissected  by 
the  headwater  erosion  of  a  few  small  streams.  The  topography 
of  the  central,  northern  and  northeastern  parts  of  the  county 
is  primarily  undulating  to  rolling.  A  series  of  morainal  hills 
extends  southward  through  the  county. 

There  have  been  only  ten  county  bryological  studies  and 
two  statewide  bryological  studies  made  in  the  state  of  Illinois. 
None  of  the  studies  by  Wolf  and  Hall  (1878);  Brendel  (1887); 
Hague  (1930,  1934,  1937);  Galligar  (1934);  Richards  (1940); 
Vaughn  (1941)  ;  Arzeni  (1947)  ;  Hatcher  (1952)  ;  Morrow  (1952)  ; 
Redfearn  (1968)  ;  and  Skorepa  (1968)  made  any  mention  of  the 
mosses  and  liverworts  of  Shelby  County.  Seventy-seven  species 
of  Musci  were  collected  in  Shelby  County  representing  fifty-one 
genera.  Fifteen  species  representing  thirteen  genera  of 
Hepaticae  and  one  genus  of  Anthocerotae  were  collected  in 
various  areas  of  the  county.  Collections  were  made  in  various 
habitats:  shaded  and  unshaded  soils,  ravine  banks  and  ridges, 

rock  outcroppings  and  sandstone  banks,  creek  and  river  banks, 
tree  bark  and  rotten  logs. 

1 Th i s  research  was  initially  done  in  partial  fulfillment 
for  a  Master  of  Science  Degree. 

2Cont ribut ion  from  the  Botanical  Laboratory,  The  Univer¬ 
sity  of  Tennessee,  N.S.  No.  424. 
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The  specimens  are  in  the  Ernest  L.  Stover  Herbarium  (EIU) 
of  Eastern  Illinois  University,  Charleston,  Illinois.  The 
scientific  names  of  the  mosses  are  according  to  Crum,  Steere, 
and  Anderson  (1973). 

Abbreviations:  HSSF,  BTT  =  Hidden  Springs  State  Forest, 

Big  Tree  Trail;  HSSF,  CA  =  Hidden  Springs  State  Forest,  Camp¬ 
ing  Area;  FP  =  Forest  Park,  Shelbyville;  LS  =  Lithia  Springs; 
THCB  =  Thompson  Hill  Covered  Bridge.  Names  starred  (*)  are 
new  reports  for  Illinois  in  this  list. 


HEPATICAE 

Asterella  tenella  (L.)  Beauv. ,  HSSF,  BTT  on  wet  bank  of  stream, 

- SIT87  - 

Bazzania  trilobata  (L.)  S.F.  Gray,  HSSF,  CA  on  moist  rock,  213. 
IFare . 

Calypogei a  t richomanis  (L.)  Corda,  HSSF,  CA  on  rotten  log,  579. 
Rare . 

Cephalozia  media  Lindb.,  LS  on  rotten  wood,  95.  Rare. 

Conocephalum  conicum  (L.)  Wiggers,  HSSF,  BTT  on  wet  rock  by 
stream,  92 . 

Frullania  asagrayana  Mont.,  HSSF,  CA  on  bark  of  trees,  499, 

5T77  3T77  6237  ' 

Frullani a  eboracensis  Gottsche,  FP,  Hulick  Addition  on  bark  of 
tree ,  84 . 

Frullania  inflata  Gottsche,  HSSF,  CA  on  bark  of  trees,  327, 

3T77  623  ,  651,  665. 

Jamesoniella  autumnalis  (DeCand.)  Steph.,  HSSF,  BTT  on  moist 
rocks  and  decaying  wood,  496,  634. 

Lophocolea  heterophylla  (Schrad.)  Dum. ,  HSSF,  CA  on  rotten  wood, 
2  2  7  ,  243  ,  5 18  ,  52 5  ;  HSSF,  BTT  on  rotting  wood,  126  ,  142  ; 

LS  on  rotting  stump,  94;  G.C.  Woodard  Farm,  Shelbyville  on 
rotting  wood,  467. 

Pelli a  epiphylla  (L.)  Corda,  HSSF,  BTT  on  wet  ground  along 
s tream ,  48 8 . 

Plagiochila  asplenioides  (L.)  Dum.,  HSSF,  BTT  on  moist  rock, 

339  . 

Porella  platyphylla  (L.)  Lindb.,  HSSF,  CA  on  trunk  of  tree, 

5T3 . 

Reboulia  hemisphaerica  (L.)  Raddi ,  HSSF,  BTT  on  wet  rock  along 
stream  bank,  977 

Scapania  nemorosa  (L.)  Dum.,  HSSF,  BTT  on  banks  of  stream, 

-  2T7,~TTT. - 


ANTHOCEROTAE 

Phaeoceros  laevis  (L.)  Prosk.,  HSSF,  BTT  on  moist  ground,  637. 
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MUSCI 


Amblystegium  juratzkanum  Schimp.,  HSSF,  CA  on  moist  rotten  wood, 
521. 

Amblystegium  serpens  (Hedw.)  B.S.G.,  HSSF,  BTT  on  moist  soil 
near  stream,  TTl ;  HSSF,  CA  on  moist  soil  along  edge  of 
stream,  272,  531;  Spesard  Farm,  Strasburg  on  moist  rock, 

12;  FP,  Hulick  Addition  on  moist  soil,  61. 

Amblystegium  varium  (Hedw.)  Lindb.,  HSSF,  BTT  on  moist  shaded 
soil ,  r42;  HSSF,  CA  on  decaying  wood,  275,  280;  THCB  on 
moist  soil,  172. 

Anomodon  at tenuatus  (Hedw.)  Heub . ,  HSSF,  BTT  on  bases  of  trees 
and  s tumps ,  772,  301;  HSSF,  CA  on  bases  of  trees,  274  , 

283,  523,  531. 

Anomodon  minor  (Hedw.)  Fuernr. ,  HSSF,  BTT  on  sandstone  rocks 
along  streams,  42,  47. 

Anomodon  ros t ratus  (Hedw.)  Schimp.,  HSSF,  CA  on  bases  of  trees, 
282,  292,  5TT,  543;  HSSF,  BTT  on  bases  of  trees,  43,  65, 
257,  277,  303;  LS  on  bases  of  trees,  266,  174;  THCB  on 
bases  of  trees,  168,  170. 

Aphanorrhegma  serratum  (J.  Hook.  8  Wils.  ex  Drumm.)  Sull. , 

HSSF ,  UK  on  soil  along  banks  of  stream,  221. 

Atrichum  angus t a turn  (Brid.)  B.S.G.,  Neoga  Road,  3  mi.  E  of 

Strasburg  on  ravine  bank,  441;  HSSF,  BTT  on  ravine  banks 
and  on  shaded  soil,  16,  36,  143;  HSSF,  CA  on  shaded  soil, 
263,  391;  LS  on  shaded  ravine  bank,  154. 

Atrichum  undulatum  (Hedw.)  P.-Beauv.,  THCB  on  moist  shaded 
soil"  156 . 

Aulacomnium  heterost ichum  (Hedw.)  B.S.B.,  HSSF,  CA  on  moist 
shaded  soil  on  side  of  moist  ravine,  324;  HSSF,  BTT  on 
moist  shaded  soil  at  base  of  tree,  26. 

Barbula  unguicul ata  Hedw.,  FP  on  moist  soil  along  sidewalk, 

66 ;  HSSF ,  CA  on  soil  along  picnic  areas,  213. 

Bartramia  pomiformis  Hedw. ,  HSSF,  BTT  on  moist  shaded  soil  in 
crevice  of  rock,  89. 

Brachythecium  acuminatum  (Hedw.)  Aust.,  HSSF,  CA  on  moist 
shaded  rock,  283 . 

^Brachythecium  campestre  (C.  Muell.)  B.S.G.,  Hal  Hennigh  Farm, 
Windsor  on  moist  ditch  bank,  13.  Rare. 

Brachythecium  oxycladon  (Brid.)  Jaeg.  $  Sauerb.,  HSSF,  CA  on 
soil  at- bases  of  trees,  269  ,  278  ,  285  ,  537  ;  HSSF,  BTT 
along  stream  banks,  50,  132,  151,  626;  LS  on  sides  of 
ravines,  267,  268;  FP  at  bases  of  trees,  49,  53,  57;  FP , 
Hulick  Addition  on  bases  of  trees,  68,  70;  THCB  on  soil 
at  edge  of  Kaskaskia  River,  171,  178;  Spesard  Farm, 

1-1/2  mi.  N  Middlesworth ,  373. 

Brachythecium  salebrosum  (Web.  8  Mohr.)  B.S.G.,  HSSF,  CA  on 
soil  along  edges  of  ravines,  270,  271,  273,  286,  241, 

245;  HSSF,  BTT  at  bases  of  trees  and  along  side  of 
ravine,  51,  134,  136,  149;  LS  on  side  of  ravine,  269, 

271;  FP,  Hulick  Addition  at  base  of  tree,  72;  THCB  on 
shaded  soil,  167,  179;  G.C.  Woodard  Farm,  Shelbyville, 

455. 
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Bryhnia  graminicolor  (Brid.)  Grout,  HSSF,  BTT  on  moist  soil, 

1 4 7 ;  HSSF ,  CA  on  moist  soil,  271,  286. 

Brotherella  recurvans  (Michx.)  Fleisch.,  THCB  on  moist  shaded 
soi 1 ,  165 .  Rare . 

Bryoandersonia  illecebra  (Hedw.)  Robins. ,  HSSF,  BTT  on  moist 
soil  at  top  of  ravine ,  148;  G.C.  Woodard  Farm,  Shelby  - 
ville  on  soil  at  top  of  ravine,  458. 

Bryum  argenteum  Hedw.,  Richland  Cemetery  on  dry  soil,  82;  FP 

along  path ,  112;  Spesard  Farm,  Strasburg  on  dry  soil,  22; 
HSSF,  CA  on  soil  at  edge  of  paths,  117,  123. 

Bryum  caespiticium  Hedw.,  Spesard  Farm,  Strasburg  on  open  soil, 
365. 

Bryum  creberrimum  Tayl.,  HSSF,  CA  on  wet  ditch  bank  and  stream 
bank ,  2  36  ,  7*45 . 

Bryum  pseudotriquetrum  (Hedw.)  Gaertn.,  Meyer  §  Scherb.,  HSSF, 
BTT  on  wet  ditch  banks  and  stream  banks,  29,  208;  HSSF, 

CA  on  damp  soil,  327,  334;  Spesard  Farm,  Strasburg  along 
edge  of  stream,  363. 

Campylium  hispidulum  (Brid.)  Mitt. ,  HSSF,  CA  on  moist  shaded 
base  o F  tree  ,  T6  7. 

Ceratodon  purpureus  (Hedw.)  Brid.,  FP,  Hulick  Addition  on  bare 
s o 11  and  along  paths,  63;  Lake  Mattoon  on  exposed  soil  at 
base  tree,  616. 

Cl imacium  americanum  Brid.,  HSSF,  BTT  on  wet  soil  along  the 
s ide  of  a  ravine,  165. 

Dicranella  heteromalla  (Hedw.)  Schimp.,  HSSF,  CA  on  moist 

shaded  ravine  banks,  422,  459;  HSSF,  BTT  on  side  of  moist 
ravine,  169. 

Dicranella  varia  (Hedw.)  Schimp.,  FP  in  open  woods,  57,  69; 
Richland  Cemetery  on  shaded  soil,  88;  HSSF,  BTT  in  open 
woods  on  soil,  186,  193;  HSSF,  CA  on  shaded  soil,  433; 

LS  on  exposed  top  of  ravine,  167. 

Dicranum  scoparium  Hedw.  ,  HSSF,  BTT  on  soil  in  shaded  woods, 

5 6  T  Not  common . 

Ditrichum  pallidum  (Hedw.)  Hampe,  Richland  Cemetery  on  dry  soil 
m  open ,  91;  HSSF,  BTT  on  soil  in  open  woods,  151;  HSSF, 

CA  on  exposed  areas  on  soil,  273,  423;  FP  on  soil  at  base 
of  tree,  57;  LS  on  top  of  exposed  ravines,  164,  177. 

Drepanocladus  aduncus  (Hedw.)  Warnst.  var.  kneiffii  (B.S.G.) 
Moenk.  ,  Hal  Hennigh  Farm,  Windsor  on  moist  ditch  bank, 

44.  Rare. 

Entodon  cladorrhi zans  (Hedw.)  C.  Muell.,  HSSF,  BTT  on  bases  of 
t  rees  ,  4~03 ,  526  . 

Entodon  s educt rix  (Hedw.)  C.  Muell.,  HSSF,  BTT  on  decaying  wood 
and  bases  of  trees,  157,  162,  217,  413;  HSSF,  CA  on  bases 
of  trees,  216,  326,  518,  536;  LS  on  moist  soil,  278,  283; 
FP ,  Hulick  Addition  on  bases  of  trees,  78,  81,  84;  THCB 
on  moist  soil,  180. 

Ephemerum  serratum  (Hedw.)  Hampe,  Spesard  Farm,  Strasburg  on 
moist  soil,  5"60.  Rare. 

Eurhynchium  hi ans  (Hedw.)  Sande  Lac. ,  HSSF,  CA  on  soil  in 

moist  sh aded  areas,  568  ,  623;  HSSF,  BTT  on  moist  shaded 
soil,  127. 
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*Fissidens  bushii  (Card.  §  Ther.)  Card.  §  Ther.,  HSSF ,  CA  on 
moist  soil,  524.  Rare. 

Fissidens  exiguus  Sull.,  HSSF,  BTT  on  moist  shaded  soil,  49, 

- T7T7  - 

Fissidens  vi ridulus  (Sw.)  Wahlenb.,  HSSF,  CA  on  damp  or  wet 
rock,  521. 

Fissidens  taxifolius  Hedw. ,  Richland  Cemetery  on  damp,  shaded 

- £Frr,Trn - 

Funaria  hydrometrica  Hedw. ,  HSSF,  CA  on  bare  soil,  110;  FP  on 
area  where  tires  have  burned,  111. 

Grimmia  apocarpa  Hedw.,  LS  on  exposed  rock,  265. 

Hedwigia  ciliata  (Hedw.)  P.-Beauv.  ,  LS  on  dry  exposed  rock,  265  . 

Hy groamFlys tegium  tenax  (Hedw.)  Jenn.  ,  HSSF,  BTT  on  moist  soil 
and  areas  periodically  inundated,  490,  502.  HSSF,  CA  on 
moist  soil  at  edge  of  stream,  523,  574. 

Hypnum  lindbergii  Mitt.,  HSSF,  BTT  on  moist  soil,  312. 

Isopterygiops is  muelleriana  (Schimp.)  Iwats .  ,  HSSF,  CA  on 
moist  soil,  143 .  Rare . 

Leptodictyum  riparium  (Hedw.)  Warnst.,  HSSF,  CA  on  moist  soil, 
266  ,  2173 ,  300  ,  R20  ,  545  ;  HSSF,  BTT  on  moist  soil  at  edge 
of  stream,  44,  67,  253,  278;  LS  on  soil  at  edge  of  stream, 
268;  THCB  on  moist  shaded  soil,  171,  174. 

Leptodictyum  trichopodium  (Schultz)  Warnst.,  HSSF,  CA  on  moist 
shaded  soil ,  565. 

Leskea  gracilescens  Hedw. ,  HSSF,  CA  on  tree  bark,  269 ,  273 ; 

HSSF,  BTT  on  tree  bark,  53,  63,  78,  215;  LS  on  tree  bark, 
263,  270;  FP  on  tree  bark,  48,  51;  THCB  on  tree  bark, 

166,  171. 

Leskea  obscura  Hedw. ,  HSSF,  BTT  on  bark  of  tree,  301;  HSSF, 

12a  on  tree  bark,  589  ,  602  . 

Leucob ryum  glaucum  (Hedw.)  Angstr.  ex  Fr.,  HSSF,  BTT  on  moist 
shaded  soil,  158,  165. 

Leucodon  julaceus  (Hedw.)  Sull.,  LS  on  tree  bark,  171. 

Mnium  cuspidatum  Hedw.,  HSSF,  CA  on  moist  soil,  especially 
along  stream  banks,  333,  335,  457,  588;  HSSF,  BTT  on 
moist  soil  on  sides  of  ravines,  55,  58,  65,  213,  126; 

LS  on  soil  along  edge  of  stream,  70,  78,  83;  FP  on  moist 
soil,  59;  THCB  on  moist  shaded  soil,  164. 

Mnium  punctatum  Hedw.,  HSSF,  CA  on  moist  soil  along  ravines, 

5577  '609 

Mnium  rugicum  Laur. ,  HSSF,  BTT  on  moist  shaded  soil,  491; 

HSSF ,  on  moist  rotting  log,  338,  557. 

Orthotrichum  ohioense  Sull.  6  Lesq.  ex  Aust.  ,  HSSF,  CA  on  bark 
of  tree,  503.  Rare . 

Orthot ri chum  pumilum  Sw. ,  LS  on  the  bark  of  tree,  78.  Rare. 

Ortho tri chum  pus  ilium  Mitt.,  LS  on  the  bark  of  tree,  79.  Rare. 

Fhyscomi t num  pyrif'oTme  (Hedw.)  Hampe,  Spesard  Farm,  Strasburg 
on  bare  soil  in  open  field,  360;  Neoga  Road,  3  mi.  E  of 
Strasburg  on  soil  at  edge  of  road,  593. 

PI agiothecium  denticulatum  (Hedw.)  B.S.G.,  LS  on  rotten  log, 

1 2 6 ,  13T;  HsSF,  BTT  on  moist  shaded  soil,  163,  164,  415; 
HSSF,  CA  on  moist  shaded  soil,  217,  328,  519. 
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Platygyrium  repens  (Brid.)  B.S.G.,  HSSF,  CA  on  tree  bark,  220, 
ZZT,"  78T,2W;  HSSF,  BTT  on  tree  bark,  157  ,  163  ,  325  , 

353,  409,  410,  417,  521;  LS  on  tree  bark,  281,  285;  FP, 
Hulick  Addition  on  tree  bark,  75,  79,  86;  THCB  on  tree 
bark  and  rotting  log,  183,  189;  G.C.  Woodard  farm, 
Shelbyville  on  tree  bark  and  rotting  wood,  459,  460, 

469  . 

Pleuridium  subulatum  (Hedw.)  Rabenh.,  Spesard  Farm,  Strasburg 
on  moist  sandy  soil  in  ditch  bank,  363. 

Pogonatum  pensilvanicum  (Hedw.)  P.-Beauv.,  HSSF,  BTT  on  bare 
clay  tanks ,  usually  moist  and  shaded,  147,  148. 

Pohlia  nutans  (Hedw.)  Lindb . ,  HSSF,  CA  on  wet  rocks  along 
st re  am ,  2  20  ,  115. 

*Pohlia  wahlenbergii  (Web.  §  Mohr.)  Andr. ,  HSSF,  CA  on  moist 
soil  banks  ot  "stream ,  491,  494.  Rare. 

Polytrichum  ohioense  Ren.  §  Card. ,  HSSF,  BTT  on  soil  in  moist 

woods,  30 ;  LS  on  ravine  banks,  163;  THCB  on  shaded  ravine, 
158. 

*Pylaisiella  selwynii  (Kindb.)  Crum,  Steere,  and  Anderson,  LS  on 
tree  bark,  98.  Rare. 

Rhodobryum  roseum  (Hedw.)  Limpr. ,  THCB  on  moist  shaded  soil, 

- TW. - 

Rhynchostegium  serrulatum  (Hedw.)  Jaeg.  §  Sauerb.,  HSSF,  CA  on 
moist  shaded  soil  and  rotten  log,  217,  515,  520,  521, 

533;  HSSF,  BTT  on  shaded  soil,  53,  55,  135,  148;  LS  on 
rotten  logs,  270,  275;  THCB  on  shaded  soil,  167. 

Taxiphyllum  depl anatum  (Bruch.  $  Schimp.  e_x  Sull.)  Fleisch.  , 
HSSF ,  BTT  on  moist  humus,  289. 

Taxiphyllum  taxirameum  (Mitt.)  Fleisch.,  HSSF,  BTT  on  moist 
rock  outcrop,  288 .  Rare. 

Te traphis  pellucida  Hedw.,  HSSF,  BTT  on  wet  rotten  wood,  249. 

Thelia  asprella  Sull.,  HSSF,  BTT  on  bark  of  stump,  162. 

Thuidium  delicatulum  (Hedw.)  B.S.C.,  HSSF,  CA  on  soil  at  base 

of  tree,  104;  HSSF,  BTT  on  soil  at  top  of  ravine,  77,  213. 

Thuidium  recogni turn  (Hedw.)  Lindb.,  HSSF,  BTT  on  moist  humus 
soil,  106. 

Tortella  humilis  (Hedw.)  Jenn. ,  Burl  Clawson  Farm,  Strasburg  on 
soil  at  base  of  tree,  10. 

*Ulota  crispa  (Hedw.)  Brid.,  HSSF,  CA  on  the  bark  of  trees  in 
moist,  humid  woods,  499,  505.  Rare. 

Weiss ia  cont  rovers  a  Hedw.,  FP  on  moist  bare  soil,  109. 
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EFFECT  OF  BRASS INS  (3-GLUCOSYL  LINOLENATE)  AND  OTHER  GROWTH  REGULATORS 
ON  L ILIUM  LONGIFLORUM,  THUNB.  'NELLIE  WHITE' 

Robert  L.  Holmes,  Gerald  D.  Coorts  and  John  H.  Yopp 
Departments  of  Plant  and  Soil  Science  and  Botany 
Southern  Illinois  University,  Carbondale  62901 

ABSTRACT 


Brassins  {0-glucosyl  linolenate},  ancymidol 
{ a-cyclopr opy 1-a- ( 4-methoxyphenyl ) -5-pyr imid ine 
methanal}  (A-Rest) ,  CBBP  { tributyl-2, 4- (dichloro- 
benzyl)  phosphonium  chloride)  (Phosfon) ,  and  ethephon 
{2- (chloroethyl)  phosphonic  acid)  (Ethrel)  spray  or 
drench  treatments  were  applied  to  'Nellie  White' 
Easter  lilies.  Brassins  treatment  did  not  signifi¬ 
cantly  affect  height  but  did  increase  flower  number. 
Highest  ethephon  concentrations  resulted  in  bud 
abortion.  Highest  concentrations  of  ancymidol  and 
ethephon  treatments  significantly  reduced  height 
with  no  significant  difference  in  flower  number. 

INTRODUCTION 


Frequently,  tall  Easter  lilies  are  produced  with  low  bud  count  and 
excessive  height.  This  can  be  due  to  cultural  practices  (DeHertogh,  1971). 
Growth  regulating  chemicals  have  resulted  in  higher  bud  counts  in  Georgia 
lilies  (Hasek,  1971) .  CBBP  has  been  used  effectively  for  Easter  lily 
height  reduction  (Adelman,  1970;  Hasek,  1971;  Wilkins,  1963).  Ancymidol 
has  been  reported  to  reduce  Easter  lily  plant  height  (Furuta,  1972; 

Gill,  1974;  Hasek,  1974;  Hasek,  1971;  Larson,  1971;  Wilkins,  1963). 

Ethephon  has  been  used  to  reduce  height  in  a  broad  spectrum  of  plants 
(Sanderson,  1969)  including  Easter  lilies  (Lin,  1969). 

MATERIALS  AND  METHODS 


Precooled,  17.7  to  20.3  cm  bulbs,  cv.  Nellie  White,  were  potted  in 
15.2  cm  plastic  pots  containing  a  2:2:1  mixture  of  sand : peat : soil  by 
volume  on  December  23,  1972  and  placed  in  15.6°C  (60°F)  night  temperature 
with  day  temperature  approximately  5°C  higher.  Second  watering  was  with 
the  fungicides  Dexon  35%  WP  (1  ml/1.6  L)  and  Terraclor  75%  WP  (1  ml/3.2  L) 
at  237  ml  per  pot.l  On  January  20,  1973,  the  plants  were  10.2  cm  tall, 
when  the  population  was  divided  into  15  replications  of  12  treatments 
(Table  1)  in  a  completely  randomized  design.  All  treatments  except  the 
CBBP  treatments  were  applied  at  this  time.  The  CBBP  was  applied  at  the 
15.2  cm  height,  as  recommended  by  the  manufacturer. 

■''Information  obtained  from  1973  Easter  Lily  Schedule  by  Jay  S.  Koths, 
University  of  Connecticut,  Storrs. 
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At  anthesis  of  the  first  flower  in  each  pot  the  following  data  were 
obtained : 


(1)  total  plant  height 

(2)  height  to  pedicel  base 

(3)  number  of  days  from  planting  to  anthesis  of  1st  flower 

(4)  number  of  salable  buds 


Height  was  determined  by  measuring  from  the  top  of  the  pot. 


TABLE  1,  Treatments  Applied  to  'Nellie  White'  Easter  Lily 


Treatment 


Type  of  Application 


(1)  Control 

(2)  Ancymidol  0.25  mg  in  237  ml/pot 

(3)  Ancymidol  0.5  mg  in  237  ml/pot 

(4)  Ancymidol  1.0  mg  in  237  ml/pot 

(5)  Ancymidol  2.0  mg  in  237  ml/pot 

(6)  Ethephon  0.125  mg  in  237  ml/pot 

(7)  Ethephon  0.25  mg  in  237  ml/pot 

(8)  Ethephon  0.5  mg  in  237  ml/pot 

(9)  CBBP  5208  ppm 

(10)  CBBP  10417  ppm 

(11)  Brassins  1 x 10“^M 

(12)  Brassins  5  x 10-^M 


No  chemical  treatment 

soil  drench 
soil  drench 
soil  drench 
soil  drench 
soil  drench 

soil  drench 
soil  drench 
soil  drench 
soil  drench 
foliar  spray 
foliar  spray 


RESULTS  AND  DISCUSSION 


Ethephon  at  0.5  mg  resulted  in  excessive  bud  abortion  and  was  not 
included  in  the  analysis  of  variance. 

Drenches  of  Ancymidol  at  2.0  mg  and  ethephon  at  0.25  mg  resulted  in 
plants  which  were  significantly  shorter  than  plants  treated  with  other 
chemicals.  (See  Table  2.)  Ethephon  at  0.125  mg  gave  significantly  shorter 
plants  than  any  treatment  except  the  two  listed  above.  There  was  no  differ¬ 
ence  between  brassins  at  5 x  10“^M,  ancymidol  at  1.0  mg  and  at  0.5  mg,  and 
the  control;  and  there  was  no  difference  between  brassins  at  5 x 10“^M  and  at 
1 x 10"^M,  CBBP  at  5208  ppm,  and  at  10417  ppm,  ancymidol  at  0.25  mg  and 
at  0.5  mg,  and  the  control. 

Height  to  pedicel  base  differences  are  shown  in  Table  2.  Plants  treated 
with  ancymidol  at  2.0  mg,  ethephon  at  0.25  mg,  ethephon  at  0.125  mg,  and 
ancymidol  at  1.0  mg  were  significantly  different  from  each  other,  in  ascending 
order,  and  significantly  shorter  than  the  other  treatments.  There  was  no 
significant  difference  between  ancymidol  at  0.5  mg,  brassins  at  5 x  10“7m, 

CBBP  at  5208  ppm  and  at  10417  ppm,  and  the  control.  There  was  no  significant 
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TABLE  2.  Differences  between  Chemical  Treatments  of  'Nellie  White*  Easter  Lily 
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Values  followed  by  unlike  letters  are  significantly  different  at  the  0.05  level  according  to  the  Duncan' 
Multiple  Range  Test. 


_  5 

difference  between  brassins  at  1  x  10  M,  ancymidol  at  0.25  rag,  CBBP  at  5208  ppm 
and  at  10417  ppm,  and  the  control. 

Ancymidol  at  2.0  mg  significantly  delayed  flowering,  by  four  days 
(Table  2). 

Number  of  salable  flowers  are  shown  in  Table  2.  Ethephon  treatments 
at  0.125  and  0.25  mg  resulted  in  significantly  fewer  buds  than  any  of  the 
other  chemical  treatments.  The  treatments  including  the  control,  ancymidol 
at  2.0  mg  and  at  0.5  mg,  and  CBBP  at  5208  ppm  were  not  significantly 
different  from  each  other.  Ancymidol  at  0.25  mg,  at  0.5  mg,  at  1.0  mg,  ^ 
and  at  2.0  mg,^CBBP  at  5208  ppm  and  at  10417  ppm,  and  brassins  at  5  x  10  M 
and  at  1  x  10  M  were  not  significantly  different  from  each  other. 

The  data  suggests  that  only  three  treatments,  ancymidol  at  2.0  mg 
and  ethephon  at  0.125  mg  and  at  0.25  mg,  resulted  in  significant  growth 
reduction  as  these  were  the  only  treatments  that  were  significantly  shorter 
than  the  control.  The  only  significant  ancymidol  response  was  at  four 
times  higher  than  the  recommended  rate  even  though  previous  data  has  shown 
ancymidol  at  2.0  mg  to  give  excessive  height  reduction  and  that  lower  rates 
were  optimal  (Lindstrom,  1975).  This  may  be  attributed  to  differences  in 
the  forcing  conditions. 

Other  treatments  exerted  either  no  effect  or  a  growth  promotion  effect. 
Brassins  treatments  are  of  particular  interest  since  there  was  no  significant 
height  increase  over  the  control,  even  though  brassins  have  been  shown  to 
promote  height  growth  in  monocots  such  as  maize  (Kang,  1973).  The  treatments 
of  ancymidol  at  0.25  mg  and  at  1.0  mg,  CBBP  at  5208  ppm,  and  brassins  at 
5  x  10"^M  and  at  1  x  10"^M  all  had  significantly  more  salable  flowers  than  the 
control.  The  increased  number  of  salable  flowers  warrants  further  investi¬ 
gation. 


Ethephon  at  0.125  mg  and  at  0.25  mg  would  appear  to  be  the  most  desirable 
treatments  since  they  gave  significantly  shorter  plants  with  no  significant 
difference  in  salable  flowers  or  days  to  flowering. 
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ADDITIONS  TO  THE  FLORA  OF  MCDONOUGH  COUNIY,  ILLINOIS 

R.  M.  Myers 

Department  of  Biological  Sciences 
Western  Illinois  University 
Macomb,  Illinois  61455 

ABSTRACT  -  New  collection  records  for  McDonough 
County,  Illinois  (west-central)  include  15  species  of 
vascular  plants  not  previously  recorded  for  the  county. 

Two  represent  northern  extensions  in  their  Illinois  dis¬ 
tribution,  two  may  be  railroad  migrants,  and  one  is  an 
escaped  ornamental. 

The  following  are  records  for  the  known  flora  of  McDonough  County,  Ill¬ 
inois  not  included  by  Myers  (1972).  All  specimens  cited  are  in  the  Western 
Illinois  University  Herbarium  (MWI).  The  nomenclature  follows  that  of  Jones 
(1963). 

Callitriche  he terophylla  Pursh.  Submerged  in  pond  by  Sugar  Creek,  north 
east  of  Vermont  in  Eldorado  Township.  Henry  3392,  June  1,  1969. 

Atriplex  patula  L.  Disturbed  ground  near  sand  pit,  Pleasant  Valley, 
Colchester  Township.  Myers  4879.  September  15,  1972. 

Ambrosia  bidentata  Michx.  Grassy  opening  in  woods  at  Argyle  State  Park, 
Colchester  Township.  Myers  4894,  September  17,  1974.  This  extends  the  north 
ern  range  for  this  taxa  in  Illinois  according  to  the  distribution  map  in 
Winterringer  and  Evers  (1960). 

Bidens  discoidea  (T.  &  G.)  Britt.  In  swamp  5  miles  west  of  Macomb, 
Colchester  Township.  Myers  5007,  September  29,  1974. 

Helianthus  rigidus  (Cass.)  Desf.  Relict  prairie  along  railroad  2  miles 
west  of  Macomb,  Chalmers  Township.  Myers  4818,  August  30,  1974. 

Liquidambar  s tyracif lua  L.  A  bushy  tree  about  15  feet  tall  in  swampy 
cut-over  woods  5  miles  west  of  Macomb,  Colchester  Township.  Myers  5003, 
September  29,  1974.  This  could  be  an  escape,  but  there  are  no  dwellings  with 
in  a  mile  and  the  habitat  is  typical  for  this  species.  This  is  a  northward 
range  extension  of  over  100  miles  according  to  the  distribution  map  in  Winter 
ringer  and  Evers  (1960).  Identification  confirmed  by  Dr.  R.  D.  Henry. 

Scutellaria  ovata  Hill.  Open  woods  at  Pleasant  Valley,  Colchester 
Township.  Myers  4527,  July  1,  1974. 

Polygonum  e rectum  L.  Disturbed  ground  in  pasture  4  miles  west  of  Macomb 
Emmett  Township.  Myers  4794,  September  3,  1974. 
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Polygonum  ramo s i s s imum  Michx.  Relict  prairie  along  railroad  2  miles 

west  of  Macomb,  Chalmers  Township.  Myers  4870,  September  15,  1974. 

Ligus trmn  vulgare  L.  A  single  specimen  about  15  feet  tall  in  open  woods 
4  miles  west  of  Macomb,  Emmett  Township.  Myers  4509,  May  28,  1974.  This 
alien  ornamental  from  Europe  is  probably  a  casual  escape  from  cultivation 
and  not  established  as  a  part  of  the  county  flora. 

Galium  boreale  L.  Forming  a  mat  about  20  feet  long  near  a  railroad  2 
miles  west  of  Macomb,  Chalmers  Township.  Myers  4721,  July  28,  1974.  The 
reported  range  of  this  perennial  (Winterringer  and  Evers,  1960)  is  in  the 
northern  tier  of  Illinois  counties.  This  species  is  listed  by  Bailey  (1949) 
as  a  cultivated  ornamental  but  it  appears  to  be  well  established  and  spread¬ 
ing  at  this  station.  Identification  confirmed  by  Dr.  R.  D.  Henry. 

Cyperus  aris  tatus  Rottb.  Mowed  area  in  low  ground  along  a  railroad  2 
miles  west  of  Macomb,  Chalmers  Township.  Myers  4920,  September  22,  1974. 

Cyperus  rivularis  Kunth.  In  running  water  seep  on  a  steep  sandy  bank 
near  Pleasant  Valley,  Colchester  Township.  Myers  4881;  September  15,  1974. 

Bechmannia  syzigachne  (Steud.)  Fern.  About  a  dozen  specimens  were 
collected  on  low  ground  in  a  relict  prairie  along  a  railroad  2  miles  west  of 
Macomb,  Chalmers  Township.  Myers  4720.  Previous  Illinois  reports  for  this 
taxa  are  in  Cook  County  during  the  nineteenth  century  and  two  from  Lake  County 
in  1955  and  1957.  According  to  Hitchcock  (1950)  this  species  occurs  in  the 
northern  tier  of  states  from  Washington  to  New  York  and  in  New  Mexico.  It 
"is  palatable  to  stock,  and  sometimes  sufficiently  abundant  locally  to  be  an 
important  forage  grass  and  is  not  infrequently  cut  for  hay."  At  this  station 
this  annual  grass  is  probably  a  railroad  migrant.  Identification  confirmed 
by  Dr.  R.  D.  Henry. 

Diarrhena  americana  Beauv.  Low  ground  on  edge  of  woods  4  miles  west  of 
Macomb,  Colchester  Township.  Myers  5004;  September  29,  1974. 

The  addition  of  these  species  increases  the  known  vascular  plants  grow¬ 
ing  wild  in  McDonough  County  to  947,  but  27  are  excluded  as  they  are  alien 
ornamentals  or  economic  plants  considered  to  be  casual  escapes  from  culti¬ 
vation,  anthropogenetic  relicts  or  railroad  migrants. 
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ABSTRACT 

Ranunculus  arvensis  and  Spermolepis  echinata  are  re¬ 
ported  new  to  the  flora  of  Illinois. 

INTRODUCTION 


Two  previously  unreported  adventives,  one  European  and  one  native  to  the 
southern  and  western  states,  are  added  to  the  flora  of  Illinois.  Both  species 
were  found  in  an  unusual  xeric  habitat  in  the  Illinois  Central  Railroad  yards 
at  Carbondale,  Jackscn  County,  Illinois.  Specimens  verifying  these  records 
have  been  deposited  in  the  herbarium  of  Southern  Illinois  University  at 
Carbondale  (SIU) . 


DISCUSSION 

Ranunculus  arvensis  L .  This  distinctive  European  buttercup  has  been  re- 
ported  infrequently  from  the  Atlantic  coast  and  Ohio  (Rydberg,  1922);  Missouri 
(Steyermark,  1963);  Kansas  (McGregor  et  al.,  1970);  California,  Idaho,  Oregon, 
and  Utah  (Munz,  1959) .  Our  station  consists  of  a  single  healthy  plant  with 
flowers  and  fruits,  graving  in  the  dry  cinder  ballast  along  the  railroad 
tracks .  Associates  include  Chaenorrhinum  minus.  Specular ia  perfoliata,  and 
Spermolepis  echinata.  May  24,  1974;  D.  Ladd  and  R.  Tatina  P524 

Spermolepis  echinata  (Nutt.)  Heller.  Although  apparently  adventive  in 
Illinois,  this  species  is  native  in  dry  habitats  frcm  Missouri  (Steyermark, 
1963)  west  to  California  (Munz,  1959)  and  southeast  to  Florida  (Correll  and 
Johnston ,  1970) .  Steyermark  (1963)  lists  the  Missouri  habitats  for  this 
species  as:  "rocky  prairies,  glades,  and  sandy  or  gravelly  ground  along 
streams,  rarely  along  railroads".  The  plants  formed  an  extensive  population 
throughout  the  drier  areas  of  the  Carbondale  railroad  yard,  associating  with 
Chaenorrhinum  minus,  Linar  ia  canadensis.  Ranunculus  arvensis ,  Specular  ia 
perfoliata,  and  Chorispora  tenella .  Previously,  Chonspora  was  known  in 
Illinois  only  from  the  Chicago  region  (Swink,  1974JT  Specimens  of 
Spermolepis  with  f lowers  and  well  developed  fruits  were  collected  on  May  28, 
1974;  D.  Ladd  and  R.  Tatina  P528. 
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FATTY  ACID  COMPOSITION  OF  LIPOPOLYSACCHARIDES  FROM 
SERRATIA  MARCESCENS,  SENSITIVE  AND  RESISTANT  TO  POLYMYXIN  B 

David  A.  Brown  and  Joseph  C.  Tseng 
Departments  of  Chemistry  and  Biological  Sciences 
Illinois  State  University,  Normal,  Illinois  61761 

The  fatty  acid  composition  of  lipopolysaccha- 
rides  (LPS)  from  six  strains  of  Serratia  marcescens , 
resistant  and  sensitive  to  polymyxin  B,  were  analyz¬ 
ed.  In  all  strains  the  fatty  acids  detected  were 
laurate,  myristate,  pa Imitate,  two  unknowns  and  B- 
hydroxy  myristate.  The  major  component  identified 
was  B-hydroxy  myristate  (34.9-46%).  No  quantitative 
difference  was  observed  in  the  fatty  acids  of  the 
LPS  from  strains  with  different  antibiotic  sensi¬ 
tivities.  However,  the  amount  of  LPS  and  its  gluco¬ 
samine  content  was  shown  to  be  higher  in  the  resis¬ 
tant  strains. 

Lipopolysaccharides  (LPS)  are  characteristic  components  of  the  outer 
membrane  of  the  cell  envelope  of  gram-negative  bacteria.  LPS  is  a  phosphor¬ 
ous  containing  heteropolymer  consisting  of  a  Lipid  A  moiety  covalently 
linked  to  a  core  polysaccharide  which  is  attached  to  the  O-specific  side 
chain.  The  Lipid  A  moiety  is  an  acylated  poly-D-glucosamine  phosphate. 
Although  recent  work  has  shown  that  Lipid  A  can  cause  many  biological 
effects,  such  as  tumor  inhibition,  pyrogenicity  and  toxicity  (Galanos,  1972), 
no  correlation  has  been  shown  between  Lipid  A  and  antibiotic  sensitivity. 

The  polymyxins  are  cationic  polypeptide  antibiotics  with  both  lipo¬ 
philic  and  lipophobic  groups.  It  has  been  shown  that  polymyxin  treatment 
of  isolated  LPS  resulted  in  general  in  the  breakdown  of  its  structure 
(Lopes,  1969).  This  degradative  action  was  explained  by  an  electrostatic 
interaction  between  the  antibiotic  and  the  LPS  molecule  (Bader,  1973).  In 
addition,  it  is  possible  that  a  hydrophobic  interaction  between  the  6-methyl- 
octanoic  acid  of  the  polymyxin  B  and  the  fatty  acids  in  Lipid  A  of  the  LPS 
could  be  involved. 

Although  the  fatty  acid  composition  of  Lipid  A  from  Serratia  marcescens 
has  been  reported  (Alaupovic,  1966;  Adams,  1969),  its  role  in  antibiotic 
resistance  against  polymyxins  remains  unknown.  In  this  study  we  report 
the  isolation  of  LPS  from  strains  of  Serratia  marcescens  sensitive  and 
resistant  to  polymyxin  B  and  their  fatty  acid  composition. 

MATERIALS  AND  METHODS 


Clinical  and  nonclinical  isolates  of  Serratia  marcescens ,  sensitive 
and  resistant  to  polymyxin  B,  were  grown  on  an  enriched  medium  and  harvested 
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at  the  late  log  phase  (Alaupovic,  1966).  The  clinical  isolates  were 
obtained  from  the  microbiology  laboratory  of  the  Peoria  School  of  Medicine, 
Peoria,  Illinois. 

LPS  was  extracted  by  the  hot  aqueous  phenol  method  of  Westphal,  et.  al. 
(1952)  with  a  slight  modification.  After  removal  of  phenol  by  dialysis,  the 
extract  was  submitted  to  RNase  treatment  and  repeated  ultracentrifugation 
at  105,000  xg  until  freed  of  nucleic  acids.  The  bottom  gel  layer  was  lyo- 
philized  to  give  the  LPS  fraction.  The  LPS  was  analyzed  for  carbohydrate, 
KDO,  phosphorous,  glucosamine  and  lipid  content.  Total  carbohydrate  was 
determined  by  the  total  anthrone-positive  material  (Koehler,  1952);  2-keto- 
3-deoxy  octonic  acid  (KDO)  by  the  method  of  Weissbach  and  Hurwitz  (1959), 
phosphorous  determination  by  the  Bartlett  method  (1958),  and  glucosamine 
determination  by  the  method  of  Rondle  and  Morgan  (1955).  Methylated  fatty 
acids  (Metcalfe,  1961)  from  hydrolyzed  LPS  were  analyzed  on  a  gas  chromato¬ 
graph  (Varian  Aerograph,  model  1400),  equipped  with  a  six  foot  glass  column 
packed  with  di-ethylene  glycol  succinate  polyester  (DEGS)  on  chromosorb  W 
(60-80  mesh).  The  column  temperature  was  150°C,  while  the  injector  and 
detector  temperatures  were  210  and  250  C  respectively.  The  carrier  gas 
(argon)  was  adjusted  to  25  psi  and  a  flow  rate  of  54.5  ml/min,  while  hydro¬ 
gen  and  oxygen  were  adjusted  to  20  and  25  psi  respectively  with  flow  rates 
of  30  and  200  ml/min  respectively. 

RESULTS  AND  DISCUSSION 


Differences  in  total  extractable  lipid  (unbound  lipids)  or  fatty  acid 
composition,  or  both,  have  been  associated  with  increased  antibiotic  resis¬ 
tance  in  various  bacteria  and  it  has  been  suggested  that  the  lipid  composi¬ 
tion  may  be  important  in  preventing  the  entrance  or  binding  of  the  anti¬ 
biotic  to  the  cell  (Anderes,  1971;  Chang,  1972).  In  recent  studies,  Bishop 
and  Birmingham  (1973),  as  well  as  Winshell  and  Neu  (1974),  found  no  differ¬ 
ence  in  the  lipid  content  of  several  bacterial  strains  resistant  and  sensi¬ 
tive  to  antibiotics.  However,  Norrington  and  James  (1970)  and  others  (Hugo, 
1967;  Mackenzie,  1970)  found  that  the  total  extractable  lipids  in  anti¬ 
biotic  resistant  strains  were  2-5  times  higher  than  the  antibiotic  sensi¬ 
tive  strains,  and  Chang,  et.  al. ,  (1972)  observed  the  total  extractable 
lipids  and  phospholipids  in  a  nonpigmented  antibiotic  sensitive  strain  of 
Serratia  marcescens  to  be  3  times  higher  than  a  pigmented  antibiotic 
resistant  strain.  Therefore,  it  appears  that  total  extractable  lipids  may 
or  may  not  play  a  significant  role  in  the  antibiotic  sensitivity. 

The  bound  lipid  (Lipid  A)  in  LPS  has  been  shown  to  be  the  biologically 
active  component  of  endotoxin  (LPS-protein  complex)  (Galanos,  1972;  Luderitz, 
1973),  which  can  be  inactivated  by  polymyxin  B  treatment  (Cooperstock,  1974; 
Craig,  1974).  It  was  suggested  that  the  site  of  inactivation  may  be  the 
Lipid  A  moeity  of  the  LPS.  In  addition  to  the  electrostatic  interaction 
between  polymyxin  and  LPS  (Bader,  1973),  it  is  possible  that  a  hydrophobic 
interaction  between  the  bound  lipids  and  the  fatty  acid  moeity  of  polymyxin 
B  might  also  be  involved.  The  overall  effect  would  be  the  prevention  of  the 
antibiotic  from  reaching  the  cytoplasmic  membrane  where  a  lethal  action  may 
occur  with  the  phospholipids  (HsuChen,  1973). 

Table  1  summarizes  the  yields  and  chemical  compositions  of  the  isolated 
LPS.  KDO,  the  characteristic  component  of  LPS,  was  positive  for  all  LPS 
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TABLE  1.  Partial  Chemical  Composition  of  Lipopolysaccharides  Preparations 


Strains 

Yields 

KDO 

Anthrone(+) 

carbohydrate 

<y 

/o 

Phosphorous 

% 

Glucosamine 

/o 

Polymyxin  B 
Resistant 

08 

a17.1 

+ 

15.0 

2.4 

8.3 

6292 

20.7 

+ 

17.0 

1.4 

9.8 

2736 

3.6 

+ 

15.6 

1.6 

2.5 

Polymyxin  B 
Sensitive 

Bizio 

8.0 

+ 

22.7 

1.8 

4.3 

3910 

8.1 

+ 

15.1 

1.3 

3.4 

13378 

11.8 

+ 

22.2 

3.0 

2.7 

aYields  of  LPS  is  expressed  in  mg/g  whole  cells. 


preparations.  The  total  anthrone-positive  material  (15-22.7%)  revealed 
no  differences  among  the  strains.  The  yields  of  LPS  are,  in  general,  higher 
in  the  resistant  strains  (3.6-20.7  mg/g  whole  cells)  as  are  the  glucosamine 
contents  (2. 5-8. 3%).  Since  the  side  chain  of  Serratia  marcescens  08  also 
contains  glucosamine  (Tarcsay,  1973),  an  increase  in  glucosamine  content  in 
this  strain  may  reflect  a  higher  content  in  the  side  chain  and/or  the  Lipid 

A  moiety.  A  quantitative  analysis  of  the  content  of  Lipid  A  and  side  chain 

polysaccharide  from  LPS  is  needed  to  verify  this  suggestion. 

The  fatty  acid  compositions  of  the  LPS  from  three  sensitive  and  three 
resistant  strains  of  Serratia.  marcescens  are  summarized  in  Table  2.  The 
major  and  characteristic  fatty  acid  was  B-hydroxy  myri state  (34.9-46%). 

Other  fatty  acids  detected  were  laurate  (8.5-15.7%),  myristate  (10.9-20%), 
palmitate  (10.5-20.8%)  and  two  unknowns.  No  relative  "difference  between 
sensitive  and  resistant  strains  was  observed  among  the  fatty  acids.  Our 
results  of  fatty  acid  composition  in  LPS  are  consistent  with  those  of  the 
isolated  lipid  A  reported  by  Alaupovic,  et.  al.  (1966)  and  Adams  and  Singh 

(1969).  Alaupovic,  et.  cl.  (1966)  analyzed  the  Lipid  A  of  strains  08  and 

Bizio  and  found  four  major  fatty  acids:  laurate,  myristate,  palmitate  and 
3-hydroxy  myristate.  The  glucosamine  content  in  the  isolated  Lipid  A 
of  08  was  reported  to  be  higher  than  that  of  Bizio.  Similar  results  of 
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TABLE  2.  Fatty  Acid  Composition  of  Lipopolysaccharide 
Preparations  from  Serratia  marcescens 


Strains 

T  Clt 

La  urate 

0/ 

/o 

C14 

Myri state 

<v 

/o 

b 

o/ 

/o 

C16 

Palmitate 

0/ 

/O 

CM 

s=> 

b-oh-c14 

B-Hydroxy 
Myristic  Acid 

% 

Polymyxin  B 
Resistant 

08 

8.5 

20.0 

6.0 

10.5 

4.0 

46.0 

6292 

14.5 

13.1 

5.6 

12.6 

7.8 

40.8 

2736 

13 . 0 

18.5 

4.8 

19.4 

2.8 

38.3 

Polymyxin  B 
Sensitive 

Bizio 

12.3 

10.9 

4.9 

13.2 

6.7 

41.0 

3910 

15.7 

17.0 

6.7 

20.8 

2.1 

34.9 

13378 

12.6 

15.0 

6.0 

15.4 

5.7 

40.5 

fatty  acid  compositions  were  also  reported  in  the  Temple  strain  (Adams, 

1969). 

Results  of  this  study  showed  that  it  was  possible  to  isolate  LPS  from 
Serratia  marcescens  in  spite  of  their  difference  in  antibiotic  sensitivities. 
However,  the  yields  of  LPS  from  the  resistant  strains  are  slightly  higher 
than  those  from  the  sensitive  strains.  Whether  this  result  is  significant 
or  not  in  the  mechanism  of  polymyxin  resistance  remains  to  be  demonstrated. 
When  endotoxins  are  inactivated,  the  nature  of  the  antibiotic  sensitivity 
of  cells,  from  which  endotoxins  are  isolated,  seems  to  be  unrelated  and 
unimportant  (Cooperstock,  1974).  The  lack  of  any  observable  difference  in 
the  fatty  acid  composition  from  sensitive  and  resistant  strains  might 
indicate  that  Lipid  A  is  involved  in  the  inactivation  process,  rather  than 
in  the  mechanism  of  polymyxin  resistance. 
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The  lipid  composition  of  Serratia  marcescens , 
sensitive  and  resistant  to  polymyxin  B  was  analyzed.  No 
differences  were  observed  for  the  contents  of  total  ex¬ 
tractable  lipid,  the  phospholipids  and  their  components. 
However,  there  were  significant  differences  in  the  fatty 
acid  composition  of  the  lipid  fractions.  The  sensitive 
strains  had  a  higher  proportion  of  unsaturated  fatty 
acids,  particularly  in  the  phospholipid  fraction.  Our 
results  suggest  that  an  increase  of  unsaturated  fatty 
acid  in  sensitive  strains  may  facilitate  penetration 
of  polymyxin  B  to  the  site  of  lethal  action.  On  the 
other  hand,  an  increased  amount  of  saturated  fatty  acid 
in  the  resistant  strains  might  promote  more  hydrophobic 
interactions  with  the  hydrophobic  site  (6-methyloctanoic 
acid)  of  the  polymyxin  B  and,  hence,  prevent  the  anti¬ 
biotic  from  exerting  its  lethal  action. 


Serratia  marcescens ,  once  considered  to  be  nonpa thogenic ,  is  being 
recognized  with  increasing  frequency  as  causing  various  clinical  diseases 
(Clayton  and  von  Graevenitz,  1966;  Wilfert  et  al. ,  1970;  Maki  et  al. ,  1973). 
Most  strains  of  £5.  marcescens  that  have  been  isolated  from  hospital  patients 
are  nonpigmented  and  have  been  found  to  be  resistant  to  multiple  drugs 
(Clayton  and  von  Graevenitz,  1966;  Thornton  and  Andriole,  1969;  Thronton 
and  Cramer,  1970;  Maki  et  al.,  1973).  The  fact  that  very  few  of  these 
clinical  isolates  are  pigmented  indicates  that  the  pigmented  strains  are 
probably  more  sensitive  to  antibiotic  treatment  (Clayton  and  von  Graevenitz, 
1966;  Winshell  and  Neu,  1974).  This  suggests  that  the  pigment,  prodigiosin, 
may  contribute  to  this  increased  susceptibility.  Recent  studies,  however, 
do  not  indicate  that  a  relationship  exists,  in  general,  between  pigment 
formation  and  antibiotic  sensitivity  (Winshell  and  Neu,  1974;  Button  et  al. , 
1974).  Another  factor  which  has  been  related  to  antibiotic  susceptibility 
is  the  lipid  content.  It  has  been  suggested  that  differences  in  the  chemical 
composition  of  the  cell  envelope,  especially  total  lipid,  phospholipid  and 
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fatty  acid  content,  may  contribute  to  variations  in  antibiotic  resistance 
(Hugo  and  Stretton,  1966;  Dunnick  and  O'Leary,  1970;  Norrington  and  James, 
1970;  Chang  et  al.,  1972;  Miller  et  al.,  1973).  There  are,  however,  studies 
with  gram-negative  bacteria  that  have  shown  no  significant  changes  in  mem¬ 
brane  lipid  or  fatty  acid  composition  accompanying  development  of  antibiotic 
resistance  (Bishop  and  Bermingham,  1973).  Furthermore,  S^.  marcescens  cells 
with  different  bacteriocin  types  contained  similar  amounts  of  total  lipid 
and  phospholipid  (Winshell  and  Neu ,  1974).  Many  of  the  clinical  isolates  of 
S..  marcescens  studied  have  been  found  to  be  uniformly  resistant  to  the  poly¬ 
myxins,  agents  which  interact  with  both  the  inner  and  outer  membranes  of  the 
bacterial  cell  envelope.  It  has  been  suggested  that  the  lipids  and  phos¬ 
pholipids  of  the  readily  extractable  cell  envelope  may  be  important  in  the 
mechanism  of  resistance  to  polymyxins  (Sud  and  Feingold,  1972;  HsuChen  and 
Feingold,  1973).  Since  the  relationship  between  the  lipid  content  of  the 
cell  envelope  and  antibiotic  resistance  has  not  been  conclusively  deter¬ 
mined  in  S.  marcescens,  we  have  undertaken  this  study  to  clarify  the  relation 
ship  by  comparing  the  lipid  composition  of  several  strains  of  S^.  marcescens 
which  are  either  sensitive  or  resistant  to  polymyxin  B. 

METHODS  AND  MATERIALS 


Three  resistant  strains,  08  (pigmented,  nonclinical) ,  #2736  (pigmented 
clinical),  and  #6292  (nonpigmented ,  clinical)  had  minimum  inhibitory  con¬ 
centrations  of  1000  fj-g  per  ml  or  greater  (Tsang  et  al.  ,  1974).  These  were 
compared  to  two  strains,  Bizio  (nonpigmented,  nonclinical)  and  #13378 
(pigmented,  clinical)  which  were  sensitive  to  7.8  and  15.6  pg  per  ml,  respec¬ 
tively.  All  cells  were  grown  on  an  enriched  medium  (Tsang  et  al.,  1974)  with 
aeration  and  harvested  during  the  late  log  phase.  Lyophilized  whole  cells 
were  extracted  with  chloroform :methanol  (2:1,  v/v)  (Huston  and  Albro,  1964), 
washed  according  to  Folch  (Folch  et  al. ,  1957),  dried  and  then  weighed.  The 
extracted  lipids  were  reconstituted  in  chloroform rmethanol  (2:1,  v/v)  and 
then  separated  preparatively  into  neutral  lipid  and  phospholipid  fractions  by 
thin-layer  chromatography  (TLC)  on  Silica  Gel  G  using  the  solvent  system 
hexane :diethyl  ether  :acetic  acid  (90:10:0.1,  v/v/v).  The  phospholipids  were 
further  separated  into  their  components  by  one-dimensional  TLC  using 
chloroform :methanol :wa ter  (65:25:4,  v/v/v).  The  phospholipid  content  of  the 
extracted  lipids  and  the  percent  phospholipid  component  distribution  were 
determined  by  the  method  of  microphosphorus  analysis  (Bartlett,  1958).  The 
total  extractable  lipids  and  the  total  phospholipids  were  hydrolyzed  in 
6  N  HC1  for  24  hours,  and  the  fatty  acid  methyl  esters  were  prepared  for  an¬ 
alysis  of  the  fatty  acid  methyl  esters  was  performed  on  a  Varian  Aerograph 
(model  1400)  with  a  flame  ionization  detector  and  a  column  containing 
1570  diethylene  glycol  succinate  polyester  on  Chromosorb  W  (60-80  mesh). 

RESULTS  AND  DISCUSSION 


Contrary  to  previous  reports  (Hugo  and  Stretton,  1966;  Dunnick  and 
O'Leary,  1970;  Norrington  and  James,  1970),  recent  studies  with  strains  of 
Serra tia  marcescens ,  sensitive  and  resistant  to  multiple  drugs,  do  not  show 
a  direct  relationship  between  lipid  content  and  antibiotic  resistance  (Win- 
shell  and  Neu,  1974).  However,  morphological  changes  have  been  observed  in 
S^.  marcescens  susceptible  to  polymyxin  B  (Tsang  et  al.  ,  1974).  The  defects 
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produced  were  localized  in  the  membranes  and  resulted  in  the  collapse  of 
these  structures  in  sensitive  bacteria.  Our  objective  was  to  determine  if 
there  is  a  correlation  between  extractable  membrane  lipid  composition  and 
antibiotic  resistance  of  £.  marcescens ,  including  several  clinical  isolates. 

The  total  extractable  lipid  (TEL)  and  phospholipid  composition  of  the 
TEL  are  reported  in  Table  1.  With  the  exception  of  one  sensitive  strain 
(Bizio),  no  major  differences  were  observed  between  the  contents  of  TEL 
(7-8%)  and  phospholipid  (75-80%)  of  the  sensitive  and  resistant  strains. 
Likewise,  the  phospholipid  component  distribution,  shown  in  Table  2,  indi¬ 
cated  no  significant  differences  between  strains  of  different  antibiotic 
sensitivities.  These  results  are  consistent  with  those  of  several  previous 
reports  (Bishop  and  Bermingham,  1973;  Winshell  and  Neu ,  1974).  In  relation 
to  pigmentation,  Kates  (Kates  et  al.,  1964)  observed  that  if  pigmented  or 
nonpigmented  cells  of  the  same  strain  of  £3.  marcescens  are  of  the  same  phys¬ 
iological  age,  their  lipid  content  would  be  similar.  Our  results  are  not 
only  consistent  with  these  observations  of  Kates  et  al.,  but  also  with  the 
lipid  analyses  reported  by  Button  et  al.  (Button  et  al. ,  1974)  on  the  lipid 
composition  of  a  pigmented  strain  and  its  nonpigmented  variants. 

The  fatty  acid  composition  of  the  membrane  lipid  has  been  previously 
implicated  in  the  resistance  to  antibiotics  (HsuChen  and  Feingold,  1973).  It 
was  suggested  that  hydrophobic  interactions  could  occur  between  the  fatty 
acids  of  the  membrane  lipids  and  hydrophobic  groups,  such  as  6-methyloctanoic 
acid  of  polymyxin  B.  Therefore,  we  examined  the  fatty  acid  distribution  of 
the  total  extractable  lipid  and  the  phospholipids.  The  results  are  reported 
in  Table  3.  The  major  fatty  acid  of  the  resistant  strains  is  Ci6  (saturated) 
while  the  predominant  component  for  the  sensitive  strains  is  Cl8:l  (unsat¬ 
urated).  More  significantly,  the  ratio  of  saturated  to  unsaturated  fatty 
acid,  particularly  for  the  phospholipid  fraction,  shows  a  distinct  difference 
between  sensitive  and  resistant  strains. 

Our  results  may  suggest  that  an  increase  in  the  proportion  of  un¬ 
saturated  fatty  acid  in  the  phospholipid  may  be  associated  with  an  increase 
in  the  sensitivity  to  polymyxin  B.  This  could  be  due  to  decreased  hydro- 
phobic  interactions  between  membrane  fatty  acids  and  the  6-methyloctanoic 
acid  of  the  polymyxin  B,  enabling  the  antibiotic  to  penetrate  with  greater 
ease.  A  similar  effect  of  the  degree  of  unsaturation  was  reported  by  Rosen 
and  Hackette  (Rosen  and  Hackette,  1972).  It  was  observed  that  the  permea¬ 
bility  of  the  outer  membrane  of  Escherichia  coli  was  increased  by  the  sub¬ 
stitution  of  unsaturated  fatty  acids  for  saturated  fatty  acids.  This  per¬ 
mitted  the  penetration  of  lysozyme  and  other  agents  and  facilitated  the 
release  of  periplasmic  proteins  following  osmotic  shock.  It  has  also  been 
observed  in  other  membranes  (McElhaney  et  al. ,  1973)  that  a  change  in  the 
permeability  of  the  outer  membrane  occurs  when  the  packing  of  the  hydro- 
phobic  molecules  is  disrupted  by  the  introduction  of  unsaturated  fatty  acids. 
This  increased  permeability  could  also  lead  to  an  increased  penetration  of 
polymyxin  B,  making  it  easier  for  the  antibiotic  to  reach  the  inner  membrane 
and  exert  its  lethal  effect.  Conversely,  the  increased  proportion  of  sat¬ 
urated  fatty  acid  in  the  resistant  strains  could  be  promoting  hydrophobic 
interactions  between  outer  membrane  lipid  fatty  acids  and  the  hydrophobic 
site  (6-methyloctanoic  acid)  of  polymyxin  B.  This  would  prevent  the  anti¬ 
biotic  from  penetrating  to  the  inner  membrane  where  it  has  a  lethal  action. 
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TABLE  1.  Lipid  contents  of  pigmented  and  nonpigmented  strains  of 
Serratia  marcescens  sensitive  and  resistant  to  polymyxin 
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TABLE  2.  Phospholipid  component  distribution  of  Serratia 

marcescens  sensitive  and  resistant  to  polymyxin  B 


Strains 

Phospholipid 

PEa 

°/o 

Distribution 

PG 

% 

CL 

% 

Resistant 

08 

66.4b 

15.8 

17.8 

2736 

67.8 

18.3 

13.9 

6292 

72.6 

14.7 

12.7 

Sensitive 

Bizio 

63.2 

16.4 

20.5 

13378 

66.9 

21.4 

11.7 

PE  =  Phosphatidylethanolamine 
PG  =  Phospha tidylglycerol 

CL  =  Cardinolipin  (Polyglycerol  phosphatide) 
^Average  of  two  runs 


In  order  to  better  understand  the  antibiotic  mechanisms  of  polymyxin  B, 
a  study  of  other  lipid-containing  components  in  the  outer  membrane,  such  as 
lipopolysaccharides  (LPS),  could  also  be  informative.  An  interaction  between 
LPS  and  polymyxin  B  has  been  reported  (Lopes  and  Inniss,  1969)  in  which  treat¬ 
ment  of  isolated  LPS  by  polymyxin  B  caused  a  dissociation  of  the  LPS  molecules. 
In  addition,  polymyxins  are  known  to  have  sites  of  activity  at  both  the  outer 
membrane  and  the  cytoplasmic  membrane  (Sud  and  Feingold,  1972).  Thus,  it  may 
also  be  necessary  to  isolate  these  two  membrane  fractions  and  analyze  the 
lipid  composition  of  each  membrane  fraction. 
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Average  of  two  runs 
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ABSTRACT 

A  new  species  of  gastrotrich  from 
a  small  glacial  remnant  pond  in  north¬ 
eastern  Illinois  is  reported, 

INTRODUCTION 

The  genus  Dasydytes  was  created  by  Gosse  (1851)  to 
include  two  species  that  he  believed  to  be  rotifers,  Stokes 
(1887),  however,  recognized  that  the  two  species  of  Dasydytes 
described  by  Gosse,  as  well  as  one  described  by  himself, 
belonged  to  the  phylum  Gastrotricha  rather  than  the  phylum 
Rotifera.  Only  two  of  the  dozen  or  so  described  species  in 
the  genus  Dasydytes,  D.  saltitans  Stokes  (1887)  and  D.  ooeides 
Brunson  ( l^So ; ,  have  Feen  previously  reported  from  tFe  United 
States,  Besides  these  two  formally  named  species,  Krivanek 
and  Krivanek  (1960)  reported  the  discovery  of  one  or  more  new 
species  of  Dasydytes  from  Louisiana, 

METHODS  AND  MATERIALS 

Water,  detritus,  vegetation  and  sediment  samples  were 
taken  from  a  small  eutrophic,  glacial  remnant  pond  in  north¬ 
eastern  Illinois,  In  the  laboratory,  the  samples  were  trans- 
fered  from  wide  mouthed  pint  collecting  jars  to  glass  stacking 
dishes.  The  samples  were  observed  using  a  dissecting  micro¬ 
scope  at  40  X,  Gastrotrichs  were  extracted  from  the  samples 
using  a  Pasteur  pipette  with  a  finely  drawn  tip.  Anesthet¬ 
ization  was  accomplished  by  placing  the  animal  in  a  small 
drop  of  water  on  a  glass  microscope  slide  along  with  a  small 
amount  of  crystalline  cocaine  hydrochloride  (Robbins,  1965), 

The  gastrotrichs  were  fixed  by  inverting  the  slide  over  a 
bottle  that  contained  a  2%  solution  of  osmic  acid  (in  water) 
for  a  period  of  ten  seconds  (Brunson,  1950).  Permanent  mounts 
were  made  using  a  variation  of  the  glycerine  jelly  mounting 
method  described  by  Pennak  (1953),  In  using  this  method, 
glycerine  jelly  was  heated  to  45°C  to  liquify  it.  A  small 
amount  of  the  liquified  jelly  was  transfered  to  a  microscope 
slide  that  had  been  placed  on  a  hotplate  set  at  45°C,  A 
fixed  gastrotrich  was  picked  up,  using  an  Irwin  loop,  and 
submerged  into  the  liquified  glycerine  jelly.  A  cover  slip 
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was  placed  on  the  drop  and  by  the  time  the  liquified  jelly 
had  spread  out  under  the  coverslip,  the  animal  was  completely 
perfused.  This  mounting  method  preserved  gastrotrichs  in  a 
condition  comparable  to  the  more  time  consuming  method  of 
Pennak  (op.  cit.). 

Measurements  were  made  using  a  binocular  microscope 
at  430  X  and  1000  X  with  the  aid  of  an  ocular  micrometer. 

The  drawing  was  made  freehand  and  verified  with  photographic 
evidence . 


Dasydytes  monile ,  Sp.  Nov. 

Definition:  Total  length  242  u;  body  length  138  u; 

pharynx  length  41  u;  head  length  28  u;  neck  length  35  u; 
body  width  30  u;  head  width  23  u;  neck  width  14  u;  neck  spine 
length  10  u  -  15  u;  body  spine  length  69  u  -  115  u;  caudal 
spines  (or  tactile  bristles)  length  18  u;  head  five  lobed; 
anterior  lobe  of  head  extended  forward;  two  pairs  of  tactile 
bristles  on  head;  corona  of  long  cephalic  cilia;  double  ring 
of  singularly  bifurcate  spines,  of  five  spines  each,  equally 
placed  along  lateral  margins  of  body;  two  additional  long 
pairs  of  doubly  bifurcate  spines  on  posterior  end;  two  pairs 
of  non-bif urcate  caudal  spines  (or  tactile  bristles). 

Types:  The  holotype  specimen  and  four  paratype  spec¬ 

imens  are  now  in  the  author’s  collection.  The  holotype  spec¬ 
imen  is  to  be  deposited  in  the  United  States  National  Museum, 
Washington,  D.C.  at  a  later  date. 

Type  Locality:  The  holotype  and  paratype  specimens 
were  collected  on  November  19,  1968  at  Swallow  Cliff  Pond 
(T,  37  N.  -  R.  12  E.  -  S.  8  -  1/4  S.E.)  from  a  sample  of 
surface  water. 

Discussion:  Dasydytes  monile  Sp.  Nov.  was  observed 

to  use  its  trunk  spines  m  maneuvering.  The  spines  were 
extended  out  laterally  from  the  sides  of  the  body  so  as  to 
slow  the  animal  down  and  to  act  as  a  pivot  when  it  changed 
direction.  Dasydytes  monile  Sp.  Nov.  seemed  quite  at  home 
when  swimming  and  its  long  moveable  spines  are  probably  an 
adaptation  for  a  pelagic  mode  of  existance.  This  same  type 
of  swimming  behavior  was  noticed  by  Stokes  (1887)  in  his 
studies  of  Dasydytes  saltitans  and  by  Brunson  (1350)  in  his 
observations  of  D.  ooeides. 

Dasydytes  monile  Sp.  Nov.  most  closely  resembles 
D.  goniathrix  Gosse  CTSITl).  The  most  noticeable  features 
which  differentiate  D.  monile  Sp.  Nov.  from  D_.  goniathrix 
are;  the  double  ring  of  spines  on  the  neck,  the  two  pairs 
of  crossed  caudal  spines  (or  tactile  bristles)  and  the  lack 
of  long  cephalic  spines. 
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Fig.  1.  Pasydy tes  moni  le,  Sp.  Nov. 
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ABSTRACT 
or  3200R 
that  had 
cul tured 
cul tures 


800,  1600 


-  Oregon  R  males  exposed  to 
were  mated  to  M- 5  and  the  F2  offspring 
ratios  of  1  wild  to  6-9  Bar  males  were 
to  F3  and  F4.  Fourteen  out  of  1572  F2 
were  selected.  These  semi-lethals  were 
all  mosaics  for  lethals.  There  was  no 
predominate  type  of  mosaic,  but  all  combinations 
of  wild,  complete  lethal,  lethal,  and  semi- 
lethals  were  observed.  Over  half  of  these 
chromosomes  when  retested  in  F4  yield  a  different 
viability  than  recorded  in  F3.  Of  the  ninety 
apparent  lethals,  four  upon  retesting  were 
viability  mutants.  By  conventional  methods  of 
lethal  detection  about  0.5%  lethals  would  be 
overlooked. 


INTRODUCTION 


In  a  search  for  X-ray  induced  lethals  in  a  specific  region  of 
the  X-chromosome  several  of  the  apparent  lethals  turned  out  to  be 
semi-lethals  when  placed  in  a  balanced  system  for  maintenance.  In 
an  attempt  to  understand  how  this  could  have  occurred,  X-ray  induced 
recessive  sex-linked  semi-lethals  with  viability  close  to  lethals 
and  with  no  visible  change  from  the  wild  type  were  selected.  Then 
individual  F?  and  F3  females  heterozygous  for  these  semi-lethals 
were  isolated  and  offspring  examined  for  variability  as  to  lethality. 

Semi-lethals  along  with  other  viability  mutants  were  first 
produced  and  recognized  by  Muller  (1928) .  Spencer  and  Stern  (1948) 
reported  that  65  out  of  989  lethals  when  cultured  for  another 
generation  acted  as  semi-lethals.  Although  this  group  of  mutations 
with  lowered  viability  is  a  relatively  large  one,  it  has  not  been 
used  often,  for  these  mutations  are  not  readily  detected  and  because 
of  variability  are  difficult  to  use  in  quantitative  studies. 

Auerbach  (1947)  pointed  out  that  gonadic  mosaicism  for  a  lethal 
acted  as  a  basis  for  spurious  semi- lethality  and  that  chemically 
induced  mutations  had  a  higher  frequency  than  those  produced  by 
X- rays . 
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Table  1.  The  induction  of  lethals  and  semi-lethals  on  the  X 
chromosome  by  800R,  1600R  and  3200R  of  X-rays. 


800R 


Non 

Lethals 

Complete 

Lethals1  Lethals2 

Semi  - 
Lethals  3 

Ratio  of 
Complete 

Lethals  to 

Semi - Lethals 

548 

14(2.49%)  2(0.36%) 

2(0.36%) 

7  to  1 

1600R 

720 

31(4.42%)  3(0.41%) 

5(0.69) 

6.2  to  1 

3200R 

304 

41(11.8%)  4(1.3%) 

7(2.25%) 

5.9  to  1 

3No  wild  type  males  appeared 
wild  type  male  appeared,  but  the 
greater  than  10:1  in  F2.  3Ratio 
9.9  to  6.5:1  wild  type. 

in  F2,  F3.  2An  occasional 
ratio  of  Bar  eye  to  wild 
of  Bar  eye  to  wild  type, 
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MATERIALS  AND  METHODS 

Oregon  R  males  3  days  old  were  exposed  to  800,  1600,  or  3200R 
of  X-rays  generated  by  a  General  Electric  Maximar  2 5 0 -  III  unit  at 
225  KV ,  15  ma  at  32  cm,  305  R/min  in  air.  The  males  were 
immediately  presented  to  an  excess  of  Muller-5  (s cs^ BlnS 
females  and  given  one  hour  to  mate  once.  Thus  only  mature 
irradiated  spermatozoa  were  used.  All  cultures  were  kept  at 
and  60%  humidity.  The  females  that  had  mated  with  their 
brothers  were  isolated  in  a  vial  containing  agar,  cornmeal, 
molasses,  corn  syrup,  oatmeal  and  brewer's  yeast. 

"complete  lethals"  were  given  to  those  cultures 
type  males  appeared  in  an  F2  in  which  at  least 
had  been  classified.  The  majority  of  these  "c< 
a  minimum  number  of  20  Bar  eye  males  in  the  F2 
cultures  an  occassional  wild  type  male  appeared  so  that  the 
ratio  of  wild  to  Bar  eye  males  was  one  wild  to 
eye  males,  these  were  classified  as  "lethals." 
an  arbitrary  decision  as  to  what  constitutes  a 
cultures  that  had  a  ratio  of  1  wild  to  9.9  Bar 

nt  not  to  be  a  1:1 
cultures  that  had  less 
as  "no  decision." 

esis  studies,  a  vial  containing  the 
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that  the  semi- lethality  was  revealed  when  placed  in  a  balanced 
chromosome  system.  As  many  of  the  virgin  heterozygous  females 
as  could  be  obtained  from  these  cultures  were  isolated  and  mated 
to  M- 5  males  to  produce  a  F3.  The  males  were  all  classified  in 
the  F3  to  obtain  the  ratio  of  wild  to  Bar  males  and  this 
procedure  was  repeated  in  the  F4. 

Every  complete  lethal  obtained  in  the  F2  was  cultured  to  a 
minimum  of  ten  vials  in  the  F3  by  isolation  of  heterozygous 
females  and  the  offspring  examined  for  wild  type  males. 


RESULTS 

All  the  complete  lethals,  lethals,  and  semi-lethals  that  were 
Induced  by  800,  1600,  and  3200R  of  X-rays  are  listed  in  Table  1. 

Of  the  90  apparent  complete  lethals  retested  for  lethality  four 
3 f  these  produced  wild  type  males.  One  apparent  complete  lethal 
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Table  2.  An  analysis  of  14  apparent  semi-lethals  for  gonadic 
mosaicism  by  isolating  F2  heterozygous  females. 

Mosaic  for  wild,  semi-lethal,  lethal,  complete  lethal  3 
Mosaic  for  wild,  semi-lethal,  lethal  3 
Mosaic  for  wild,  semi-lethal,  complete  lethal  2 
Mosaic  for  wild,  complete  lethal  3 
Mosaic  for  semi-lethal,  complete  lethal  2 
Mosaic  for  semi-lethal,  lethal  1 
Non  mosaics  0 
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Table  3.  F3  females  heterozygous  for  apparent  semi-lethal 

isolated  mated  with  M- 5  and  lethality  of  X  chromosome 
in  the  F3  compared  to  F4. 


Semi-lethal  F3  and  F4  similar  F3  and  F4  different 


SL  3200-1  6 

3200-2  24 

3200-4  5 

3200-5  7 

3200-3  6 

3200-6  5 

3200-7  4 


21 

16 

1 

9 

2 

12 

9 


SL  1600-1  11 

1600-2  8 

1600-3  9 

1600-4  4 

1600-5  3 


19 

4 

4 

11 

1 


SL  800-1 
800-2 


7 

4 


3 

8 


103 


120 
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Table  4.  SL3200-1  an  apparent  semi-lethal  that  had  a  ratio  9.4B:1 

+  o’*  in  the  F2  and  the  mosaic  mature  of  F3  and  the 
variability  of  the  F4. 


f2 

F3 

Female 

F3  offspring 

Female 

f4 

offspring 

A 

semi -  lethal 

3 . 29B  :  1+  (30)* 

A[6  ]# 

5 

non  lethal, 

1 

semi - lethal 

B 

non  lethal 

1 .  2 5B : 1 +  (30) 

BE  2  ] 

2 

semi - lethals 

C 

complete  lethal  14B:0+  (14) 

C  [  5  ] 

2 

semi - lethals , 

2 

lethals , 

1 

complete 

D 

complete  lethal  11B:0+  (11) 

E 

no  decision 

8B : 1+  (9) 

EE  1  ] 

1 

non  lethal 

F 

semi- lethal 

9B : 1+  (10) 

FE3] 

1 

non  lethal, 

2 

semi - lethal 

G 

semi -  lethal 

3 . 75B  :  1+  (19) 

GE  2] 

1 

semi - lethal , 

1 

complete  lethal 

H 

semi -  lethal 

6 . 5B  :  1  +  (15) 

I 

non  lethal 

1 . 2  3B : 1+  (49) 

I E  3] 

3 

semi - lethals 

J 

semi -  lethal 

3 . 2  7B : 1 +  (64) 

JE  3] 

3 

non  lethals 

K 

complete  lethal  32B1:0+  (32) 

KE4] 

1 

semi -  lethal , 

1 

lethal , 

2 

complete 

*  Number  in  parenthesis  represented  the  total  number  of  males 
counted . 

#  Number  in  brackets  represented  the  total  number  of  F3  isolated 
to  obtain  F4. 
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was  in  the  800R  series,  two  in  the  1600R  data  and  one  as  a  result 
of  exposure  to  3200R.  Upon  further  analysis  two  of  these  were 
lethals  in  that  an  occasional  wild  type  male  appeared,  and  two 
were  classified  as  semi-lethals  in  that  the  ratio  of  wild  type  to 
Bar  males  was  in  the  range  of  one  wild  to  5-9  Bar  eye.  The 
majority  of  lethals  produced  by  X-rays  were  complete  lethals. 
Semi-lethals  as  defined  above  were  produced  l/6th  as  frequently 
as  complete  lethals.  Lethals  in  which  an  occasional  wild  type 
male  appeared  were  still  less  frequent. 

All  fourteen  of  the  X-ray  induced  semi-lethals  when  cultured 
to  turned  out  to  be  mosaics  (Table  2) .  There  was  no  predominate 
type  of  mosaic,  but  all  combinations  of  wild,  complete  lethal, 
lethal  and  semi-lethal  were  obtained.  The  further  analysis  of 
these  lethals  to  F4  generation  revealed  that  over  half  the 
chromosomes  that  were  retested  yielded  a  different  viability  than 
recorded  in  F3  (Table  3) . 


Since  Tables  2  and  3  represented  the  summary  of  F3  and  F4 
generations  of  the  fourteen  semi-lethals  that  were  studied,  the 
analysis  of  one  of  the  semi-lethals  SL3200-1  is  presented  in 
Table  4.  It  was  the  first  one  detected  in  3200R  series  test. 

In  this  particular  semi-lethal,  there  was  a  mixture  of  non-lethal, 
semi- lethal  and  complete  lethal  X  chromosomes  as  revealed  by  the 
F3  and  F4  generations.  The  only  reasonable  way  that  this  data 
in  Table  4  can  be  explained  is  on  the  basis  that  this  apparent 
semi-lethal  was  a  mosaic  for  a  lethal. 


DISCUSSION 


Eleven  of  the  fourteen  apparent  semi-lethals  were  gonadal 
mosaics  for  wild  type  and  viability  mutations,  the  other  three 
were  gonadal  mosaics  for  semi-lethal  and  lethal  mutants  (Table  2) 


However,  since  the  distinction  between 
mutations  is  an  arbitrary  one,  in  that 
ten  Bar  eye  or  larger  was  considered  a 
that  some  semi-lethals,  if  the  culture 
would  appear  as  lethals  or  even  a 
lethals  if  raised  under  favorable 


semi-lethal  and  lethal 
the  ratio  of  one  wild  to 
lethal,  it  was  possible 
conditions  were  poor, 
complete  lethal.  Also  some 
conditions  would  be  classified 


as  semi-lethals  and  ideal  food  environment  could  also  result  in 
some  semi-lethals  tabulated  as  non-mutants. 


The  fourteen  gonadal  mosaics  all  contained  lethal  or  complete 
lethal  mutations,  however,  these  would  have  been  overlooked,  for 
in  the  conventional  method  of  detecting  lethal  mutants,  an 
appearance  of  one  wild  type  male,  the  culture  would  have  been 
classified  negative.  Yet  14  lethal  containing  cultures  out  of 
1572  is  0.89%  which  would  have  been  missed.  This  incidence  of 
X-ray  induced  of  X-ray  gonadal  mosaicism  is  still  less  than 
results  of  chemical  treatments  as  reported  by  Auerbach  (1947) , 
Carlson  and  Southern  (1962)  and  Browning  and  Altenberg  (1961)  . 
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Of  the  ninety  apparent  lethals,  four  were  misclassif ied,  which  is 
4.44%.  Of  the  total  of  1572  cultures  that  were  closely  examined, 
the  four  false  lethals  would  be  0.25%.  Thus  if  in  the  analysis 
of  X-ray  induced  lethals,  by  the  conventional  method  in  which  a 
vial  is  examined  under  low  power  the  presence  of  1  male  containing 
the  X  chromosome  that  was  irradiated  is  found  and  the  vial  is 
classified  as  a  non-mutant,  there  would  be  about  0.5%  of  the  total 
lethals  that  would  be  missed.  To  reduce  the  error  the  induced 
lethals  should  all  be  cultured  to  the  F3  to  detect  the  semi - lethals . 

Gonadal  mosaicism  may  be  due  to  the  damage  of  one  strand  of 
DNA;  or  if  the  injury  shown  as  a  change  after  several  replications. 
The  orientation  of  the  nucleus  at  the  first  division  may  also 
play  a  role  in  mosaicism.  There  was  no  relative  increase  in 
semi-lethals  at  the  lower  dose  800R.  The  variability  of  the 
semi-lethals  was  of  such  an  extent  that  54%  of  the  chromosomes 
bearing  the  semi-lethal  in  Ft  were  classified  differently  in  the 

f4. 


This  variability  of  the  viability  of  some  of  the  mutants 
could  simulate  mosaicism  or  be  classified  as  unstable  genes.  Since 
true  gonadal  mosaicism  is  most  likely  to  occur  in  the  F^  female 
and  appears  in  F2  offspring,  the  apparent  mosaicism  in  F2  and  F3 
females  is  most  likely  due  to  the  variability  of  the  semi-lethals. 
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IONIC  AND  OSMOTIC  REGULATION  IN  AN  ACANTHOCEPHALAN 

John  R.  Denbo  and  Donald  M.  Miller 
Department  of  Physiology,  Southern  Illinois  University 
Carbondale,  Illinois  62901 

Abstract.-  Adult  specimens  of  the  endoparasite  Macracan- 
thorhynchus  hi rudinaceus  were  incubated  under  anaerobic 
conditions  at  39°C  in  a  series  of  dilutions  of  artificial 
sea  water.  Changes  in  osmolarity  and  ionic  composition 
of  the  pseudocoelomic  fluid  were  studied  as  functions  of 
changes  in  these  various  parameters  in  the  external  solu¬ 
tion.  It  was  determined  that  the  pseudocoelomic  fluid  is 
maintained  hyperosmotic  to  the  environment  between  exter¬ 
nal  osmotic  concentrations  of  0  -  500  mOsmol.  The  degree 
of  hyperosmotic  regulation  decreased  linearly  with  in¬ 
creasing  external  osmolarity.  Sodium  concentration  of 
the  psuedocoelomic  fluid  was  regulated  at  85.0  meo. /liter 
against  external  sodium  concentrations  varying  from  17.5 
through  53.0  meq. /liter.  Above  53.0  men. /liter  internal 
sodium  concentration  increased  linearly  with  increases 
of  that  ion  in  the  external  environment  but  remained 
above  that  ion's  external  concentration.  Potassium  and 
calcium  concentrations  in  the  pseudocoelomic  fluid  were 
regulated  such  that  potassium  remained  higher  internally 
than  externally  while  calcium  was  maintained  much  lower 
internally  than  externally.  Chloride  appears  to  be  pas¬ 
sively  distributed.  Data  gathered  in  this  studv  indi¬ 
cates  the  presence  of  weak  forms  of  ionic  and  osmotic 
regulatory  mechanisms. 

The  adult  stage  of  the  acanthocephalan,  Macracanthorhynchus  hirudinaceus . 
is  an  obligate  endoparasite  of  swine  and  several  other  vertebrates  includ¬ 
ing  humans  (Petrochenko .  1956  and  Schmidt,  1971).  Very  little  is  known 
concerning  how  this  organism  is  adapted  to  survive  the  periodic  ionic  and 
osmotic  fluctuations  which  characterize  the  portion  of  the  vertebrate  in¬ 
testine  in  which  it  is  found.  Gettier  (1942)  and  later  Van  Cleave  and 
Ross  (1944)  working  with  another  acanthocephalan  from  the  turtle,  Neo- 
echinorhynchus  emydis  noted  volume  changes  associated  with  different  os¬ 
motic  concentrations  of  culture  media.  Read  and  Rothman  (1958)  working 
with  Monilifjormis  clubius  from  the  rat  observed  that  in  vivo  swelling  and 
shrinking  was  correlated  with  the  concentration  of  carbohydrate  solutions 
which  the  investigators  were  force-feeding  the  host  rats.  Crompton  and 
Edmonds  (1969)  investigated  the  osmotic  concentration  of  the  pseudocoelomic 
fluid  of  Polvmorphus  minutus  and  found  its  osmotic  concentration  to  be  sim¬ 
ilar  to  that  of  a  simultaneous  sample  of  host  intestinal  juice.  In  addi¬ 
tion  Crompton  (1970)  in  a  later  monograph  referred  to  all  acanthocephalans 
as  osmoconformers .  Branch  (1970a,  1970b)  in  a  series  of  papers  examined 
several  aspects  of  ion  and  osmotic  regulation  in  Moniliformis  dubius.  In 
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addition,  on  the  basis  of  histochemistry  he  described  the  distribution  of 
sodium,  potassium  and  calcium  in  the  body  wall.  This  study  was  to  inves¬ 
tigate  the  way  in  which  internal  concentrations  of  ions  in  M.  M^u^ijnaceus 
vary  with  changes  in  the  external  ions. 

f  1ETH0DS  AND  MATERIALS 

Specimens  of  M.  hirudinaceus  were  collected  from  the  small  intestine  of 
swine  at  Hunter  Packing  Company,  East  St.  Louis,  Illinois.  Worms  were 
dissected  free  from  the  intestine  in  such  a  fashion  that  the  proboscis 
remained  embedded  in  a  small  portion  of  the  calceous  nodule.  These  speci¬ 
mens  designated  for  later  in  vitro  experiments  were  placed  immediately  into 
a  pre-warmed  Dewar  flask  partially  filled  with  intestinal  juice.  The  con¬ 
tents  of  the  flasks  were  then  sealed  from  direct  atmospheric  contact  by 
means  of  a  thick  cork  stopper.  Approximately  four  hours  elapsed  between 
the  collection  of  the  specimens  and  the  beginning  of  the  in  vitro  experi¬ 
ments  . 

Samples  of  pseudocoelomic  fluid  for  ionic  and  osmotic  analysis  were  col¬ 
lected  immediately  after  worms  were  removed  from  the  intestine.  Worms  re¬ 
moved  from  the  intestine  were  wiped  clean  of  adhering  intestinal  juice  with 
clean  tissue  paper.  The  anterior-most  portion  of  the  praesoma  was  sec¬ 
tioned  and  the  pseudocoelomic  fluid  gently  "milked"  into  small  sample  vials. 
Approximately  1.0-1. 5  ml  of  pseudocoelomic  fluid  was  collected  per  worm. 

No  distinction  was  made  between  male  and  female  worms,  but  females  being 
larger  probably  contributed  more  fluid  than  males.  In  all  cases  not  more 
than  two  worms  were  taken  from  the  same  intestine.  The  total  number  of 
worms  collected  was  about  100.  In  the  majority  of  experiments  a  compos¬ 
ite  sample  of  pseudocoelomic  fluid  from  three  to  five  worms  was  used.  In 
a  few  cases  individual  samples  were  used  in  order  to  determine  the  range 
of  individual  variations.  No  significant  differences  were  noted  between 
osmolarities  or  sodium  concentrations  of  pooled  samples  and  individual  sam¬ 
ples  . 

Fresh  samples  of  pseudocoelomic  fluid  sealed  in  glass  vials  were  immedi¬ 
ately  tested  for  pH  with  Hydrion  paper.  Individual  and  composite  samples 
were  then  centrifuged  at  3000  x  g  for  15  minutes  to  separate  the  repro¬ 
ductive  cells  from  the  pseudocoelomic  fluid.  The  supernatants  of  the  sam¬ 
ples  were  then  placed  in  clean  sample  vials  and  frozen  until  the  time  for 
analysis.  The  osmolar  concentrations  of  various  samples  of  pseudocoelomic 
fluid  were  determined  on  an  Osmette  Precision  Freezing-point  Osmometer. 

This  instrument  was  calibrated  with  100  and  500  mOsmol  standards  purchased 
from  the  Precision  Instrument  Corporation.  The  osmolaritv  of  each  sample 
was  determined  three  times  and  the  mean  reported.  The  concentration  of 
sodium  and  calcium  in  the  samples  of  pseudocoelomic  fluid  were  determined 
by  atomic  absorption  spectrophotometry  on  a  Beckman  Model  979  Atomic  Ab¬ 
sorption  Spectrophometer .  The  methods  of  analysis  followed  those  of  Willis 
(1960a  and  1960b).  Potassium  was  determined  by  flame  emission  spectropho¬ 
tometry  on  an  ILS  flame  spectrophotometer.  The  methods  of  analvsis  con¬ 
formed  to  standard  clinical  procedures  for  the  determination  of  potassium 
in  human  serum.  The  concentration  of  chloride  in  Pseudocoelomic  fluid  was 
determined  by  Whitehorn's  modification  of  the  Vollhard  method  (Furman.  1963). 

To  test  the  effect  of  changes  in  the  external  ionic  and  osmolar  concen¬ 
tration  on  the  composition  of  the  pseudocoelomic  fluid,  twenty-five  large 


74 


female  worms  were  divided  into  five  groups  of  five  worms  each  and  incubated 
for  three  hours  in  a  series  of  dilutions  of  artificial  sea  water.  The  so¬ 
lutions  employed  were:  distilled  water  (0  mOsmols) ;  20%  sea  water  (212 
mOsmols) ;  30%  sea  water  (300  mOsmols) .  The  various  solutions  of  sea  water 
were  prepared  by  volume  dilution  of  100%  sea  water  with  doubly  distilled 
and  deionized  water.  Artificial  sea  water  was  obtained  from  Aquarium  Sys¬ 
tems  Inc..  1450  E.  29th  Street,  Wickliffe,  Ohio,  44092.  During  the  three 
hour  incubation  all  solutions  were  maintained  at  39°C  in  a  water  bath  and 
periodically  gassed  with  nitrogen  and  carbon  dioxide  to  reduce  pOg  to  a 
level  more  nearly  resembling  that  of  the  host  intestine.  Following  the 
period  of  incubation,  the  pseudocoelomic  fluid  of  each  group  of  worms  was 
collected  and  analyzed  with  respect  to  its  ionic  and  osmolar  concentrations. 

In  order  to  determine  the  ability  of  M.  hirudinaceus  to  regulate  its  vol¬ 
ume,  groups  of  three  large  female  worms  were  incubated"  at  39°C  in  each  of 
the  following  dilutions:  10%,  30%,  50%,  and  10%  sea  water  fortified  with 
sucrose  to  542  mOsmols.  At  one  hour  intervals  each  groun  of  worms  was  re¬ 
moved  and  weighed  on  a  Mettler  Model  P162  balance  and  then  replaced  in  the 
solution.  After  each  weighing  the  solutions  were  gassed  with  nitrogen  and 
carbon  dioxide  and  resealed  with  Parafilm.  After  three  hours  of  incubation 
sodium  fluoride  was  added  to  each  group  to  a  final  concentration  of  0.05M. 
After  one  hour  one  final  weighing  was  taken.  Simultaneously,  the  above 
experiment  was  repeated  exactly  with  the  exception  that  all  solutions  were 
maintained  at  10°C. 


RESULTS 


The  pH  range  of  all  samples  was  in  the  6.4  -  6.8  range  and  the  osmolar 
concentration  of  the  pseudocoelomic  fluid  was  found  to  be  348.0  mOsmols 

^  3.2  (S.E.M.).  Sodium  and 
potassium  concentrations  in 
these  composite  samples  were 
89.5  and  10.0  meq/liter  re¬ 
spectively,  and  the  calcium 
concentration  was  2.5  meq/li¬ 
ter.  The  chloride  concentra¬ 
tion  was  found  to  be  101.0 
raea/liter ._+  6.0  (S.E.M.). 

Figure  1  shows  the  effect 
of  incubation  in  a  series  of 
artificial  sea  water  dilutions 
on  the  osmolarity  of  the 
pseudocoelomic  fluid.  After 
four  hours  in  distilled  water; 
the  osmolarity  of  the  pseudo¬ 
coelomic  fluid  of  the  group 
was  232  mOsmols.  As  the  ex¬ 
ternal  osmolar  concentration 
increased  between  0  and  50% 
mOsmols  EXTERNAL  ENVIRONMENT  sea  Water  (500  mOsmols),  the 

Figure  1.  Osmolar  concentration  of  the  osmolar  concentration  of  the 
pseudocoelomic  fluid  of  specimens  of  M.  pseudocoelcmic  fluid  of  each 

hirudinaceus  incubated  in  increasing  con-  group  was  above  that  of  the 

centrations  of  artificial  sea  water.  external  environment.  At  500 
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mOsmols  the  pseudocoelomic  fluid  was  isosmotic 
Beyond  this  point  the  osmolar  concentration  of 


(EXTERNAL  ENVIRONMENT) 

Figure  2.  Sodium  ion  concentration  of  the 
pseudocoelomic  fluid  of  specimens  of  M. 
hijrudinaceus  incubated  in  increasing  concen¬ 
trations  of  artificial  sea  water. 


with  the  external  medium, 
the  pseudocoelomic  fluid  was 
observed  to  become  more  di¬ 
lute  than  the  external  en¬ 
vironment  . 

Figure  2  illustrates  the 
effects  of  changes  in  the 
external  sea  water  concen¬ 
tration  on  the  sodium  con¬ 
centration  of  the  pseudo¬ 
coelomic  fluid.  The 
pseudocoelomic  sodium  con¬ 
centration  of  groups  incu¬ 
bating  in  10,  20  and  30% 
sea  water  remained  rela¬ 
tively  stable  at  86.0  meq/ 
liter  between  external  con¬ 
centrations  of  that  ion  in 
10-40%  (44.0-176.0  meq/ li¬ 
ter)  sea  water.  In  concen¬ 
trations  of  sea  water  above 
40%  the  internal  sodium 
concentration  was  propor¬ 
tional  (x4)  to  the  external 
concentration . 

In  30%  sea  water  there 
was  a  sodium,  concentration 
of  86.2  mea/liter  in  the 
pseudocoelom  as  opposed  to 
an  external  concentration 
of  132  men  sodium./ liter 
(Table  1) .  The  conccntra- 


TABLE  1.  Ion  concentration  of  pseudocoelomic  fluid  of  acanthoceohalan  in 
10%  and  30%  sea  water  solution. 


10%  sw 


30%  sw 


Inside 

Outside 

Inside 

Outside 

Na+ 

84.2  meq/1 

44.0  meq/1 

86.0  meo/1 

132.0  mea/1 

K+ 

15.0 

0.92 

10.0 

2.76 

Ca++ 

1.30 

0.46 

2.5 

1 . 35 

Cl" 

15.0 

53.0 

101.0 

159.0 

tion  of  chloride  in  the  pseudocoelom  was  lower  than  the  concentration  of 
that  ion  in  30%  sea  water.  Potassium  concentration  in  the  pseudocoelomic 
fluid  was  found  to  be  10  meq/ liter,  somewhat  higher  than  that  ion's  concen¬ 
tration  in  the  external  environment.  The  calcium  concentration  maintained 
internally  in  30%  sea  water  was  2.5  meq/liter  as  opposed  to  an  external 
concentration  of  1.35  mea/liter. 

When  acanthocepha Ians  were  incubated  in  10%  sea  water  differences  in  ion 
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distribution  from  those 
maintained  in  30%  sea  wa¬ 
ter  were  noted.  Sodium  ion 
was  maintained  at  approxi¬ 
mately  the  same  level  as  in 
30%  sea  water,  although  the 
external  concentration  of 
this  ion  was  almost  one- 
third  the  concentration  in 
30%  sea  water.  The  internal 
chloride  concentration  main¬ 
tained  in  10%  sea  water  of 
15  meq/liter  was  still  lower 
than  that  of  the  external 
environment  (53  meq/liter). 
The  potassium  ion  gradient 
maintained  was  15.0  meq/li¬ 
ter  internal  vs.  0.92  meq/ 
liter  external.  Calcium 
ion  concentration  of  the 
pseudocoelom  was  1,3  meq/ 
liter  vs.  0.46  meq/liter 
external  concentration. 

When  the  percentages  of 
body  weight  gains  were  cal¬ 
culated  for  specimens  incu¬ 
bated  for  four  hours  in  sev¬ 
eral  dilutions  of  artificial 
sea  water,  a  certain  degree 
of  volume  regulation  was 

noted.  In  10%  sea  water  (Figure  3)  at  10°C  an  increase  of  more  than  50% 
body  weight  within  the  first  hour  of  incubation  was  noted  while  those  incu¬ 
bating  in  10%  sea  water  at  39°C  increased  only  15%  during  the  same  period. 

By  the  second  hour  both  groups 
had  increased  in  weight  approxi¬ 
mately  the  same  amount. 


Acanthocephalans  incubated  in 
30%  sea  water  at  39°C  (Figure  4) 
reached  equilibrium  in  swelling 
after  two  hours  at  +15%  body 
weight.  These  specimens  incu¬ 
bated  in  303  sea  water  at  10°C 
reached  the  same  final  equilib¬ 
rium  point  but  one  hour  later 
than  the  group  at  39°C.  When 
sodium  fluoride  was  added  to  the 
medium  after  three  hours  of  in¬ 
cubation,  no  effect  was  noted 
on  the  group  at  10°C.  but  those 
incubating  at  39°C  began  to 
swell  ranidlv  doubling  their 
body  weight  within  the  next  hour 


HOURS  OF  INCUBATION 

Figure  3.  Percent  change  in  body  weight 
with  time  of  groups  of  acanthocephalans  in¬ 
cubated  in  10%  sea  water  at  10°  and  39°C. 
Fluoride  was  added  after  three  hours  of  in¬ 
cubation  . 


HOURS  OF  INCUBATION 

Figure  4.  Percent  change  in  body  weight 
of  groups  of  M.  hirudinaceus  incubated 
in  30%  sea  water  at  id6  and  39°C.  Fluo¬ 
ride  added  after  three  hours  incubation. 
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of  groups 

water  at 
after  three 


of  worms  incubated  in  50%  sea 
0°C  and  39°C.  Fluoride  added 
hours  incubation. 


Figure  6.  Percent  in  body  weight  of 
groups  of  acanthocephalans  incubated  in 
10%  artificial  sea  water  fortified  with 
sucrose  to  542  mOsmols  at  both  10°  and 
39°C.  Fluoride  added  after  three  hours 
of  incubation. 


osmotic 
tion  in 


fluctuations  in  the  swine  intestine 


When  specimens  were  incu¬ 
bated  in  50%  sea  water  (Figure 
5)  at  10°C  a  weight  gain  of 
less  than  1%  was  noted.  Addi¬ 
tion  of  sodium  fluoride  had  no 
effect  on  weight  gain  or  loss. 
Those  specimens  in  50%  sea  wa¬ 
ter  at  39°C  lost  weight  down  to 
about  -9%  weight.  After  the 
addition  of  sodium  fluoride,  a 
further,  but  probably  insignif¬ 
icant  weight  loss  was  noted. 
Incubation  of  specimens  in  10% 
sea  water,  (542  mOsmols) ,  (Fig¬ 
ure  6)  at  10°C  was  accompanied 
by  a  small  but  steady  weight 
decrease  which  was  also  rela¬ 
tively  insensitive  to  addition 
of  fluoride.  Other  specimens 
in  the  same  medium  but  at  39°C 
lost  weight  down  to  about  -9% 
just  as  the  group  in  50%  sea 
water  at  39°C  but  this  equilib¬ 
rium  was  much  more  sensitive 
to  fluoride  addition. 

DISCUSSION 

M.  hirudinaceus  is  a  weak 
hyperosmotic  regulator  up  to 
external  concentrations  of  500 
mOsmols.  Ascaris,  a  nematode 
of  similar  habitat  has  also 
been  noted  to  practice  limited 
hynerosmot ic  regulation.  Rased 
on  freezing  point  depression 
data  of  swine  intestinal  juice 
(Read,  1950)  showing  it  to  vary 
in  concentration  between 
(-0.073  and  -0.940)  °C  (30  400 
mOsmols)  it  is  probable  that 
such  regulation  docs  occur  in 
vivo  and  its  extent  exactlv 
parallels  the  extent  of  most 

Such  an  adaptation  mav  func- 


the  bulk  absorption  of  nutrients  from 
measurements  of  in  vivo  ion  concentrations  in 


the  intestine, 
the  pseud.ocoel 


the 

esti 


Based  on 
it  can  be 

mated  that  if  these  ions  occur  in  an  osmoticallv  active  form  that  they 
would  account  for  approximately  60%  of  the  apparent  osmotically  active  frac 
tion.  While  the  chemical  nature  of  the  remaining  osmotically  active  frac¬ 
tion  is  not  yet  known,  the  following  data  indicate  it  to  be  a  relatively 
large  non-diffusable  anion  i.e.  protein.  In  both  10  and  30%  sea  water  (Fig 
ures  3  and  4  and  Table  1)  internal  chloride  concentrations  are  much  lower 
than  external  concentrations.  This  distribution  is  in  accordance  with  a 
Donnan  equilibrium  which  might  be  present  if  the  pseudocoel  contained  large 
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amounts  of  some  large  non-diffusable  anion.  In  acanthocephalans  other 
than  M.  hirudinaceus  (McAlister  and  Fisher.  1972)  the  concentration  of 
the  dissacharide  trehalose  has  been  reported  high  enough  in  the  pseudo¬ 
coelom  to  contribute  to  the  osmolarity  of  the  pseudocoe Ionic  fluid.  The 
presence  of  this  solute  alone,  however,  would  not  account  for  the  appar¬ 
ent  Donnan  equilibrium. 

It  is  also  possible  that  chloride  distribution  is  governed  by  a  differ¬ 
ent  manner  from  that  discussed  above.  The  epicuticle  of  M.  hirudinaceus 
was  described  by  Crompton  (1963)  and  later  by  Wright  and  Lumsden  (1969)  to 
consist  of  a  cross  linked  polyelectrolvte  (mucopolysaccharide)  gel.  If 
such  an  epicuticular  gel  contained  many  negatively  charged  sialic  acid 
residues  it  might  be  capable  of  producing  a  chloride  distribution  indis¬ 
tinguishable  from  a  Donnan  equilibrium.  Weinstein  (1968)  and  Katchalsky 
(1964)  have  shown  that  synthetic  polyelectrolyte  gels  can  create  and  main¬ 
tain  asymetric  ion  distributions.  Therefore,  it  might  be  possible  for 
trehalose  to  play  a  major  role  in  osmo-regulation  but  an  asymetric  chloride 
distribution  still  to  be  detected. 

Data  gathered  in  these  studies  (Fig.  2,  Table  1)  suggest  the  presence  of 
weak  regulatory  mechanisms  for  both  sodium  and  potassium.  From  Figure  3  and 
Table  one  can  deduce  that  the  potassium  concentration  of  the  pseudocoelom 
is  maintained  at  levels  much  higher  than  external  concentrations.  It  would 
therefore  appear  that  potassium  is  accumulated  from  the  environment.  Sodi¬ 
um  ion  (Figure  2)  is  regulated  within  a  very  narrow  range  at  about  83.0 
men/liter  against  both  inward  and  outward  diffusion  gradients.  Since  the 
electrical  potential  gradient  of  the  body  wall  was  not  determined  and  the 
energy  dependence  of  this  phenomenon  not  explored  it  would  be  presumptious 
to  refer  to  an  active  transport  of  either  sodium  or  potassium.  Branch 
(1970a)  studying  the  acanthocephalan  from  the  rat  (Moniliformis  dubius) 
found  similar  evidence  for  an  inward  transport  of  both  sodium  and  potassium 
against  a  concentration  gradient.  The  range  of  sodium  regulation  noted 
matched  well  with  reported  average  values  of  sodium  concentration  in  the 
intestinal  juice  of  the  jejunum.  For  example,  Read  (1950)  lists  a  value 
for  sodium  concentration  in  intestinal  juice  of  the  dog  jejunum  to  be  126- 
152  meq/liter  and  Hobson,  Stephenson  and  Beadle  (1952)  list  a  value  of  126 
meq/liter  for  the  swine.  Furthermore,  it  is  significant  that  the  average 
sodium  concentration  of  pseudocoelomic  fluid  from  specimens  taken  directly 
from  the  host  was  89.5  meg/liter,  a  value  within  the  regulated  range. 

Experiments  designed  to  reveal  volume  regulatory  ability  (Figures  3,  4 
and  5)  indicate  M.  hirudinaceus  to  be  a  weak  volume  regulator.  Two  types 
of  mechanisms  may  be  postulated  to  account  for  the  data  recorded.  Contrac¬ 
tion  of  the  circular  body  wall  muscles  may  be  involved  in  resisting  sudden 
volume  changes  such  as  those  associated  with  an  extremely  hypotonic  environ¬ 
ment  (Figure  3)  .  This  would  explain  why  the  group  in  10%  sea  water  at  39°C 
resisted  initial  volume  change.  That  this  resistance  to  volume  change  may 
depend  on  metabolic  energy  may  be  inferred  from  the  lack  of  resistance  to 
swelling  by  the  group  at  10°C.  The  reason  that  the  NaF  had  no  effect  on 
either  group  may  be  that  swelling  to  the  maximum  extent  may  have  occurred 
and  the  elastic  limit  of  the  body  wall  reached.  Also,  one  hour  may  not 
represent  the  true  extent  of  the  resistence  to  swelling  but  only  an  exhaus¬ 
tion  of  energy  reserves. 

In  slightly  hypotonic  situations  such  as  30%  sea  water  (Figure  4)  no 
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evidence  was  found  to  connect  ion  movements  with  volume  maintenance.  The 
rate  of  swelling  between  10°C  and  39°C  groups  was  probably  not  signifi 
cantly  different  and  may  easily  be  explained  by  the  passive  inward  dif¬ 
fusion  of  sodium  down  its  concentration  gradient.  However  of  the  two 
groups  NaF  caused  rapid  swelling  only  in  the  group  at  39°C. 

Data  supporting  a  role  of  ion  transport  in  volume  regulation  was  ob¬ 
tained  only  from  those  experiments  in  i sosmotic- hypertonic  and  isosmotic- 

J  i  '  J  Q 

hypotonic  environments  (Figure  5).  Those  groups  incubated  at  10  C  in  either 
50%  sea  water  on  10%  sea  water  (540  mOsmols)  changed  little  in  weight. 

This  result  was  anticipated  since  from  Figure  1  it  was  determined  that  500 
mOsmols  was  approximately  isosmotic  with  pseudocoelomic  fluid.  Therefore, 
in  the  absence  of  ion  transport  (due  to  low  temperature  inhibition)  and  an 
osmotic  gradient  no  weight  change  should  have  occurred.  At  39°C,  groups 
incubating  in  these  solutions  again  lost  weight  at  about  the  same  rate. 

Since  NaF  addition  to  the  group  in  10%  sea  water  (540  mOsmols)  was  fol 
lowed  by  rapid  weight  loss,  it  is  tempting  to  suggest  that  continued  up¬ 
take  of  sodium  is  involved  in  maintaining  volume.  If  this  is  the  case 
then  one  must  infer  that  very  little  uptake  was  occurring  in  50%  sea  water 
since  NaF  had  no  effect  on  this  group. 
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CULM  MORPHOLOGY  AND  GRASS  SYSTEMATICS 

John  E.  Ebinger  and  Jimmy  L.  Car Ten 
Eastern  Illinois  University,  Charleston,  Illinois  61920 

ABSTRACT.  -  The  culm  characteristics  of  194  species 
of  grasses  were  studied.  Characteristics  that  appear 
to  have  some  taxonomic  significance  are  the  presence 
or  absence  of  culm  and  sheath  pulvini,  whether  the 
culm  is  hollow  or  solid,  the  presence  or  absence  of 
branches  and/or  lateral  buds  at  the  upper  nodes  of 
the  stem,  and  the  extent  and  position  of  the  lateral 
branches . 

During  the  past  50  years  the  use  of  new  anatomicaL,  morpholog¬ 
ical,  and  cytological  criteria  have  been  very  significant  in  the 
separation  of  the  Gramineae  into  six  distinct  subfamilies  (Gould, 

1968) .  At  the  present  time  some  of  the  most  commonly  used  of  these 
TTnewTT  taxonomic  characteristics  are  those  concerned  with  the  types 
of  cells  in  the  leaf  epidermis,  the  structure  of  the  vascular  bundle 
sheath  and  the  mesophyll  of  the  leaf,  the  vascularization  and  struc¬ 
ture  of  the  embryo,  the  shape  and  vascularization  of  the  lodicule, 
and  the  number  and  size  of  the  chromosomes.  Due  to  the  extensive 
work  of  Brown  (1958)  on  the  leaf  anatomy  and  the  work  of  Reeder 
(1957,  1962)  on  embryo  structure  in  the  Gramineae,  these  two  criteria 
are  the  most  important  and  reliable  of  the  above  mentioned  character¬ 
istics.  In  addition  several  minor  characteristics  are  also  being 
used,  and  these  are  also  proving  to  be  of  some  importance  in  deter¬ 
mining  phylogenetic  relationships  in  the  Gramineae  (Stebbins  and 
Crampton,  1961)  .  Among  these  minor  characteristics  are  certain 
structures  associated  with  the  grass  culm.  Culm  characteristics 
that  appear  to  have  some  taxonomic  significance  are  the  presence  or 
absence  of  culm  and  sheath  pulvini,  whether  the  culm  is  hollo^  or 
solid,  the  presence  or  absence  of  branches  and/or  lateral  buds  at 
the  upper  nodes  of  the  stem,  and  the  extent  and  position  of  the 
lateral  branches.  The  present  study  was  undertaken  to  determine  if 
these  culm  characteristics  are  correlated  with  the  major  subfamilies 
as  outlined  by  Gould  (1968) . 

MATERIALS  AND  METHODS 

Living  material  of  the  194  species  of  grasses  listed  in  Table  1 
were  examined  for  various  culm  characteristics.  Most  of  the  species 
were  collected  from  natural  populations  in  eastern  and  central  United 
States;  a  few  cultivars  were  also  examined.  For  most  species  more 
than  one  population  was  examined,  and  in  some  highly  variable  species 
more  than  30  populations  from  widely  scattered  localities  were  studied. 
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The  presence  or  absence  of  sheath  and  culm  pulvini  was  deter¬ 
mined  by  splitting  the  culm  longitudinally  through  the  nodal  region 
and  examining  the  sheath  and  internode  base  under  a  dissecting  micro¬ 
scope.  Usually  all  the  nodes  along  the  culm  were  examined,  but  final 
determination  was  made  from  the  lower  and  middle  nodes.  Many  of  the 
species  were  examined  in  both  flowering  and  fruiting  condition. 
Internode  condition  (solid  vs.  hollow)  was  determined  at  the  same 
time . 


The  presence  or  absence  of  lateral  buds  and  branches  was  deter¬ 
mined  by  removing  the  leaf  sheath  from  each  node  of  the  culm.  The 
nodes  were  numbered,  starting  with  the  first  one  below  the  terminal 
inflorescence,  and  the  presence  or  absence  of  buds  or  branches  was 
recorded  for  each.  Usually  between  8  and  15  culms  from  each  populat¬ 
ion  were  examined. 

More  than  200  populations  of  98  species  of  grasses  were  studied 
to  determine  if  lateral  branch  development  would  be  encouraged  by  the 
removal  of  the  terminal  inflorescence.  All  populations  were  from 
central  Illinois  and  southern  Connecticut.  In  these  populations  the 
terminal  inflorescence  was  removed  soon  after  it  emerged  from  the  leaf 
sheath.  Three  weeks  to  one  month  later  these  decapitated  culms  were 
examined  and  compared  with  other  members  of  the  population  to  determine 
the  increase  in  culm  branching. 

The  nomenclature  of  the  species  and  their  arrangement  into  tribes 
and  subfamilies  follows  Gould  (1968) .  For  species  not  found  in  that 
source  the  nomenclature  follows  Hitchcock  (1951) . 

RESULTS 

Pulvinus  --  Most  grasses  have  a  swelling  at  the  base  of  the  leaf 
sheath' (sheath  pulvinus) ,  and  many  also  have  a  swelling  at  the  base 
of  the  internode  (culm  pulvinus) .  According  to  Hacked  (1890) ,  nearly 
all  grasses  have  sheath  pulvini,  at  least  until  the  internodes  have 
completed  their  growth.  He  also  mentions  that  once  growth  is  completed 
one  of  two  things  can  happen.  Either  the  sheath  pulvini  will  remain 
swollen  and  capable  of  functioning,  or  culm  pulvini  may  develop  from 
1  to  3  mm» above  the  node,  and  assume  the  functions  of  the  sheath  pulvini. 

Brown,  Pratt,  and  Mobley  (1959)  apparently  were  the  first  to 
recognize  the  taxonomic  and  phylogenetic  significance  of  the  culm 
and  sheath  pulvini.  They  found  that  among  the  subfamily  Festucoideae 
sheath  pulvini  are  nearly  always  present  while  culm  pulvini  are  nearly 
always  absent.  In  the  subfamilies  Panicoideae  and  Eragr ostoideae , 
in  contrast,  both  sheath  and  culm  pulvini  are  usually  present.  They 
also  mentioned  that  in  these  latter  two  subfamilies  the  sheath  pulvini 
are  not  well  developed  and  often  shrivel  when  the  culm  pulvini  develop. 

The  presence  or  absence  of  culm  and  sheath  pulvini  for  each 
species  examined  is  recorded  in  Table  1  (column  1  and  2) .  In  most 
species  the  pulvini  are  definite,  easily  detected  structures,  but  in 
some  species  the  pulvini  are  extremely  poorly  developed.  Such  species 
are  listed  as  having  indefinite  (I)  pulvini.  Of  the  76  species  of  the 
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subfamiLy  Fes tuco idea e  examined  all  have  a  definite  sheath  pulvinus 
except  for  Diarrhena  amer icana  Beauv.  In  this  unusual  grass  no  pulvini 
seem  to  develop.  In  all  other  festucoid  grasses  the  sheath  pulvinus 
is  mostly  well  developed,  very  obvious,  and  can  usually  be  observed 
without  cutting  a  longitudinal  section  of  the  stem.  The  swelling  is 
sometimes  more  than  1  cm  long  and  twice  the  normal  width  of  the  culm. 
In  only  two  of  the  festucoid  grasses  studied  are  culm  pulvini  found. 

In  Brachyely trum  erectum  (Schreb.)  Beauv.  a  definite  culm  pulvinus 
exists  while  an  indefinite  culm  pulvinus  is  present  in  Oryzopsis 
racemosa  (J.E.  Smith)  Ricker.  Brown,  Pratt,  and  Mobley  (1959)  reported 
five  species  of  festucoid  grasses  with  indefinite  culm  pulvini  while 
24  lacked  culm  pulvini.  Species  of  the  subfamilies  Oryzoideae  and 
Arundinoideae  are  similar  to  festucoid  grasses  in  that  they  usually 
have  well  developed  sheath  pulvini  and  mostly  lack  culm  pulvini 
(Table  1)  . 

Of  the  60  species  of  the  subfamily  Panicoideae  examined  culm 
pulvini  are  present  in  45,  indefinite  in  3,  and  absent  in  12  species. 
Sheath  pulvini  are  much  more  common,  being  present  or  indefinite 
in  56  of  the  60  species  examined  (Table  1).  Only  three  species, 
Leptoloma  cognatum  (Schult.)  Chase,  Panicum  depauperatum  Muhl. ,  and 
_P.  linear if olium  Scribn. ,  lack  culm  and  sheath  pulvini,  but  all  have 
pulvinus- like  regions  below  most  of  the  nodes.  In  many  of  the  panicoid 
species  examined  the  sheath  pulvini  are  not  well  developed  as  in 
festucoid  grasses,  being  nothing  more  than  a  slight  swelling  at  the 
base  of  the  sheath  that  usually  differ  in  color  and  texture  from  the 
rest  of  the  sheath.  Also,  the  sheath  pulvini  are  usually  present 
in  young  and  early  flowering  material  but  shrivel  and  appear  to  be  non¬ 
functional  after  the  culm  pulvini  develop.  It  is  common  for  the  upper 
nodes  to  have  well  developed  sheath  pulvini  and  never  develop  culm 
pulvini  while  the  lower  nodes  have  well  developed  culm  pulvini  and 
shriveled,  non-functional  sheath  pulvini.  In  some  species  the  sheath 
pulvini  do  not  appear  as  an  external  swelling  at  the  base  of  the 
sheath,  but  rather  as  an  internal  swelling  of  the  sheath  just  below 
the  culm  pulvini.  This  was  observed  in  Tripsacum  dactyloides  (L.)  L. 
and  a  few  other  Andr opogoneae . 

In  the  subfamily  Eragr os t oideae  the  pulvinus  condition  is  highly 
variable.  In  the  tribes  Chlorideae,  Eragr osteae,  and  Unioleae,  most 
of  the  species  have  sheath  pulvini  and  lack  culm  pulvini.  One  major 
exception  are  the  species  of  Muhlenbergia  (Eragr osteae)  which  usually 
have  both  sheath  and  culm  pulvini.  In  the  tribe  Aristideae,  in  con¬ 
trast,  the  species  generally  have  well  developed  culm  pulvini  and 
lack  sheath  pulvini.  No  pulvini  are  found  in  Distichlis  spicata 
(L.)  Greene  ,  Calamovilfa  longif olia  (Hook.)  Scrihn. ,  and  Eragr ostis 
spectabilis  (Pursh)  Steud.  The  variability  of  this  subfamily  in 
pulvinus  condition  was  also  observed  by  Brown,  Pratt,  and  Mobley 
(1959).  They  found  that  sheath  pulvini  are  usually  present,  but  that 
the  culm  pulvini  are  absent  or  indefinite  in  about  65%  of  the  species 
they  examined. 

Internode  Condition  --  The  grasses  are  generally  considered  to  have 
hollow  culms.  Canfield  (1933,1934)  was  the  first  to  notice  that  solid 
internodes  are  extremely  common  in  many  species  of  grasses  and  re- 
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ported  that  74%  of  the  species  examined  from  the  Jornada  plains  in 
southern  New  Mexico  have  solid  internodes.  He  also  suggested  that 
the  solid-stemmed  grasses  are  better  adapted  to  grazing  and  to  arid 
conditions  than  hollow-stemmed  species.  Brown,  Harris,  and  Graham 
(1959)  were  the  first  to  suggest  the  taxonomic  and  phylogenetic 
significance  of  hollow  vs.  solid  internodes.  They  found  that  54% 
of  the  grass  species  studied  have  solid  internodes  and  that  members 
of  the  subfamily  Festucoideae  usually  have  hollow  internodes  (93%) 
while  the  majority  of  the  subfamily  Panicoideae  have  solid  internodes 
(68%) .  They  also  found  a  correlation  between  highly  specialized 
spikelets  and/or  inflorescences  and  solid  internodes.  Brown,  Harris, 
and  Graham  (1959)  also  found  that  a  simple  distinction  of  hollow  or 
solid  is  inadequate  to  correctly  describe  grass  internodes.  They 
observed  that  many  panicoid  species  have  thick  walls  and  small 
hollows  while  most  festucoid  species  have  thinner  walls  and  larger 
hollows.  They  therefore  used  the  categories  hollow,  small-hollow, 
or  solid.  In  the  present  study  it  was  found  that  it  is  very  diffi¬ 
cult  to  separate  small-hollow  from  hollow.  It  is  generally  true, 
however,  that  the  panicoid  species  with  hollow  internodes  have  a 
thicker  wall  and  smaller  cavity  than  that  found  among  festucoid 
species . 

The  internode  condition  (solid  vs.  hollow)  of  the  grasses  stud¬ 
ied  is  recorded  in  Table  1  (column  3) .  In  most  of  the  species  the 
internode  condition  is  very  obvious  and  constant.  Within  a  popula¬ 
tion,  differences  were  not  observed,  and  for  most  species  different 
populations  were  the  same  for  this  characteristic.  In  the  few  cases 
where  some  populations  had  solid  culms  while  others  had  hollow  culms, 
the  least  common  condition  is  recorded  in  parenthesis.  It  is  not 
uncommon  for  young  material  to  have  a  solid  pith  that  breaks  down 
when  the  culm  is  mature.  Also,  occasionally  the  upper  internodes 
may  be  solid  while  the  remaining  internodes  are  hollow.  This  is 
very  common  in  many  populations  of  Festuca  pratensis  Huds . ,  and 
was  sometimes  observed  in  other  species.  Furthermore,  the  relatively 
short  basal  internodes  of  the  culm  may  be  solid  while  the  fully  ex¬ 
panded  internodes  are  hollow.  As  a  result  the  middle,  most  expanded 
internodes  on  mature  fruiting  culms  were  used  to  determine  the  inter¬ 
node  condition. 

Of  the  76  species  of  the  subfamily  Festucoideae  examined  all 
but  six  were  found  to  have  hollow  internodes.  Of  these,  Brachyely- 
trum  erectum  (Schreb.)  Beauv.  and  S tipa  r obusta  (Vasey)  Scribn. 
consistently  have  solid  internodes,  while  in  four  species  this  con¬ 
dition  varies  with  different  populations.  Variation  in  relative 
hollowness  has  been  reported  in  one  other  festucoid  species.  Dond- 
linger  (1908)  mentioned  that  the  culms  of  wheat  are  usually  hollow, 
but  that  in  "some  varieties  they  are  quite  filled  with  pith”.  Also, 
in  Phleum  pratense  L. ,  another  commonly  cultivated  grass.  Brown, 
Harris,  and  Graham  (1959)  reported  that  it  had  a  solid  internode 
while  16  populations  studied  by  the  present  authors  had  hollow 
internodes . 

In  the  subfamily  Panicoideae  about  40%  of  the  species  examined 
have  solid  internodes.  In  this  subfamily  the  more  advanced  tribe 
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Andr opogoneae  (including  the  Maydeae)  has  75%  of  the  species  with 
solid  internodes  while  the  more  primitive  Paniceae  has  about  35% 
with  solid  internodes  (Table  1).  Brown,  Harris,  and  Graham  (1959) 
reported  that  49%  of  the  tribe  Paniceae  studied  have  solid  internodes. 
They  suggested  that  Paniceae  species  of  arid  regions  tend  to  have 
solid  internodes  while  those  from  humid  regions  often  have  hollow 
internodes.  The  fewer  solid-stemmed  species  found  in  the  present 
study  is  undoubtedly  due  to  the  high  number  of  species  sampled  from 
cool,  humid  regions.  The  internode  condition  in  the  subfamily  Era- 
grostoideae  is  similar  to  that  found  in  the  Panicoideae  with  about 
50%  of  the  species  examined  having  solid  internodes.  The  higher 
percent  reported  by  Brown,  Harris,  and  Graham  (1959)  may  be  due  to 
the  cool,  humid  region  from  which  the  present  sample  was  made.  They 
found  more  solid-stemmed  species  in  the  tribes  Chlorideae,  Aristideae, 
and  Sporoboleae. 

Culm  Branching  --  The  extend  of  culm  branching  and  the  presence  or 
absence  of  buds  at  the  nodes  for  each  species  is  shown  in  Table  1 
(columns  4,  5,  and  6).  In  this  table  the  average  number  of  nodes 
below  the  inflorescence  that  lack  buds  or  branches  is  recorded  in 
column  4,  the  percent  of  the  nodes  examined  which  had  branches  is 
recorded  in  column  5,  while  the  position  of  the  branching  (whether 
the  branching  was  from  the  basal,  middle,  or  upper  nodes)  is  re¬ 
corded  in  column  6. 

For  most  of  the  species  examined,  the  number  of  nodes  below 
the  inflorescence  that  lacked  buds  or  branches  is  fairly  constant. 

Some  variation  does  occur,  however,  with  some  members  of  the  popul¬ 
ation  having  one  or  rarely  two  more  nodes  with  or  without  buds. 
Occasionally  different  populations  of  a  species  were  found  in  which 
the  number  of  nodes  with  or  without  buds  differed  consistently  from 
that  found  in  other  populations  examined.  This  variation  sometimes 
occurs  in  grasses  that  consistently  have  buds  at  only  the  basal  nodes 
of  the  culm  and  probably  represents  a  response  to  habitat  conditions. 
Variation  in  the  number  of  nodes  with  or  without  buds  did  occur  on 
the  upper  nodes  in  eight  species.  For  these  species  this  variation 
is  shown  in  column  4  where  the  least  common  number  is  reported  in 
parenthesis  after  the  normal  condition.  In  the  populations  of  Agrostis 
alba  L.  examined  those  growing  in  open  areas  had  buds  at  all  the  nodes 
while  those  from  shaded  areas  generally  lacked  buds  at  the  first  node 
below  the  inflorescence.  Populations  of  Glyceria  striata  (Lam.) 

Hitchc.  from  Georgia,  Connecticut,  and  Illinois  consistently  averaged 
five  nodes  below  the  inflorescence  lacking  buds  while  in  one  popul¬ 
ation  the  average  was  two  nodes.  In  Panicum  virgatum  L.  all  the 
populations  examined  from  the  central  United  States  had  only  one  node 
below  the  inflorescence  lacking  buds,  while  coastal  populations  from 
Connecticut  and  Florida  averaged  four  nodes  lacking  buds.  Festuca 
pratensis  Huds . ,  Lolium  perenne  L. ,  and  Setar ia  lutescens  (Weigel) 

Hubb .  populations  also  average  one  node  lacking  a  bud  except  for  one 
population  which  averaged  two  nodes  lacking  buds.  In  Bouteloua 
curtipendula  (Michx.)  Torr.  the  number  of  nodes  lacking  buds  varied 
from  four  in  most  populations,  to  two  in  a  population  from  Kansas, 
to  one  in  a  population  from  Illinois.  The  most  unusual  situation 
occurred  in  various  populations  of  Muhlenbergia  tenuif lora  (Willd.)BSP. 
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Most  of  the  populations  examined  had  two  nodes  below  the  inflorescence 
lacking  buds,  while  in  two  populations  from  Canada,  the  first  eight 
nodes  lacked  buds  or  branches.  Also,  in  a  few  populations  of  this 
species  the  nodes  near  the  middle  of  the  culm  lacked  buds,  but  the 
nodes  above  and  below  had  buds  present. 

While  outlining  the  numerous  criteria  that  can  be  used  to  sep¬ 
arate  the  subfamilies  of  grasses  Stebbins  and  Crampton  (1961)  mentioned 
that  the  presence  or  absence  of  branching  may  be  another  potential 
distinction  between  the  Festucoideae  and  the  other  subfamilies.  They 
observed  that  in  festucoid  genera  the  three  or  four  nodes  below  the 
inflorescence  never  bear  branches,  and  these  nodes  are  completely  dev¬ 
oid  of  axillary  buds.  In  most  members  of  the  other  subfamilies,  in  con¬ 
trast,  all  nodes  but  the  one  immediately  below  the  inflorescence  either 
bear  branches  or  can  be  induced  to  do  so  by  decapitation,  since  buds  are 
present  in  the  leaf  axil.  These  observations  appear  to  be  fairly 
accurate.  Of  the  76  species  of  the  subfamily  Festucoideae  examined, 

52  lack  buds  or  branches  on  at  least  the  two  nodes  directly  below 
the  inflorescence  (Table  1,  column  4)  .  In  many  of  these  species  five 
or  six  nodes  below  the  inflorescence  are  devoid  of  buds.  Of  the 
remaining  24  species  18  lack  a  bud  only  at  the  first  node  below  the 
inflorescence  while  in  six  a  bud  is  found  at  the  first  node.  Also, 
branching  is  not  very  common  in  the  festucoid  species  studied  (Table 
1,  column  5  and  6) .  Sixty  nine  of  these  species  either  lack  branches, 
or  branching  is  restricted  to  the  extreme  basal  part  of  the  culm. 

In  the  remaining  subfamilies  the  culm  usually  has  extensive 
branching  and  all  nodes  but  possibly  the  one  immediately  below  the 
inflorescence  bears  a  branch  or  a  bud.  In  the  subfamily  Panicoideae 
of  the  60  species  examined  six  have  buds  at  all  nodes,  and  44  lack 
a  bud  at  only  the  node  immediately  below  the  inflorescence.  Only 
four  species  consistently  lack  buds  or  branches  for  more  than  two 
nodes  below  the  inflorescence.  In  the  subfamily  Eragr ostoideae  this 
condition  is  more  variable,  but  of  the  48  species  studied  nine  have 
buds  or  branches  at  all  nodes  while  18  have  buds  missing  at  only 
the  first  node  below  the  inflorescence.  Though  not  many  species  were 
examined  in  the  subfamilies  Oryzoideae  and  Arundinoideae ,  these  appear 
to  be  similar  to  the  panicoid  species  in  that  most  have  buds  at  all 
the  nodes  or  the  bud  is  absent  only  from  the  node  directly  below  the 
inflorescence.  The  amount  of  branching  in  these  four  subfamilies  also 
differs  from  that  commonly  found  in  festucoid  grasses.  In  these  sub¬ 
families  about  70%  of  the  species  have  branches  at  more  than  20%  of 
their  nodes  (column  5) ,  and  in  some  species  all  of  the  nodes  have  a 
branch.  Also,  in  these  subfamilies,  branching  is  common  throughout 
the  culm  or  restricted  to  the  upper  and  middle  nodes  (column  6) . 

Rarely  do  members  of  these  four  subfamilies  have  branching  from 
only  the  base  of  the  culm. 

In  most  grasses  the  leaves  are  arranged  alternately  in  two  ranks 
on  the  culm  with  the  nodes  separated  by  well  developed  internodes. 

In  some  species,  however,  there  is  a  suppression  of  the  internode 
and  the  resulting  development  of  a  compound  node.  In  Chloris  verticil- 
lata  Nutt,  most  of  the  culms  examined  had  two  or  three  of  these 
compound  nodes  separated  by  internodes  of  normal  length.  Each  of  the 
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Table  1.  Species  examined  with 


the  pulvinus  condition  (A-absent, 
P-present,  I-indef inite) ,  the 
internode  condition  (H-hoLLow, 
S-solid) ,  and  the  branching 
pattern  (B-basal,  M-middLe, 
U-upper,  T- throughout) . 

S  PEC IES 

PULVINI 

c 

n 

BRANCHING 

E 

r— 1 

d 

CJ 

(1) 

si 

4-) 

CO 

QJ 

si 

cn 

(2) 

^  Internode  Conditii 

Av.  #  o±  nodes 

'p  lacking  buds 

w  or  branches _ 

%  of  nodes  with 

^  branches 

Position  of  bra- 

r — "\ 

^  nches  on  culm 

%  of  nodes  with 

branches  after 

w  decapitation 

SUBFAMILY  1.  FESTUCOIDEAE 

Tribe:  AVENEAE 

Agrostis  alba 

A 

P 

H 

0(1) 

0 

— 

40 

A.  elliottiana 

A 

P 

H 

0 

45 

U 

A.  hiemalis 

A 

P 

H 

1 

0 

— 

0 

A.  perennans 

A 

P 

H 

0 

0 

— 

0 

A.  scabra 

A 

P 

H 

1 

0 

— 

A.  stolonifera 

A 

P 

H 

1 

0 

— 

A .  tenuis 

A 

P 

H 

0 

0 

— 

Aira  caryophyllea 

A 

P 

H 

1.5 

0 

Alopecurus  carolinianus 

A 

P 

H 

1.3 

33 

T 

40 

A.  pratensis 

A 

P 

H 

3 

0 

— 

0 

Ammophila  breviligula ta 

A 

P 

H 

4 

20 

B 

Anthoxanthum  odoratum 

A 

P 

H 

1 

0 

— 

0 

Arrhena therum  elatius 

A 

P 

H 

3 

0 

— 

0 

Avena  sativa 

A 

P 

H 

3 

0 

— 

0 

Calamagr os tis  canadensis 

A 

P 

H 

1 

20 

U 

Cinna  arundinacea 

A 

P 

H 

5 

0 

— 

0 

Deschampsia  flexuosa 

A 

P 

H 

3 

0 

— 

0 

Hierochloe  odorata 

A 

P 

H 

3 

0 

— 

Holcus  lanatus 

A 

P 

H 

2.3 

0 

— 

0 

Koeleria  cristata 

A 

P 

H 

2 

0 

— 

0 

Phalaris  arundinacea 

A 

P 

H 

1 

40 

M 

50 

Phleum  pratense 

A 

P 

H 

3.2 

0 

— 

0 

Sphenopholis  intermedia 

A 

P 

H 

3 

0 

— 

0 

S  .  obtusata 

A 

P 

H 

3 

0 

0 

Tribe:  BRACHYELYTREAE 

Brachyely trum  erectum 

P 

P 

S 

5 

0 

-- 

0 

Tribe:  DIARRHENEAE 

Diarrhena  americana 

A 

I 

H 

4.5 

0 

— 

0 

Tribe:  FESTUCEAE 

Briza  maxima 

A 

P 

H 

1 

20 

M 

Bromus  ciliatus 

A 

P 

H 

6.5 

0 

— 

B.  commutatus 

A 

P 

H 

3 

0 

— 

0 

B  .  inermis 

A 

P 

H 

6 

0 

— 

0 

B.  japonicus 

A 

P 

H 

4 

0 

— 

0 

B.  kalmii 

A 

P 

H 

5 

0 

— 

0 
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b 

_ SPECIES _ 

B..  latiglumis 
purgans 
JB .  racemosus 
B. .  tectorum 
Dacty lis  glomera ta 
Festuca  myuros 
jF .  obtusa 
_F .  ovina 

F .  pratensis 

F .  rubra 

Lolium  multif lorum 

L.  perenne 
Poa  annua 

P.  chapmaniana 
P.  compressa 
P.  palustris 
P.  pratensis 
JP.  sylvestris 
Puccinellia  pallida 
Vulpia  octof lora 

Tribe:  MELICEAE 
Glyceria  borealis 

G.  canadensis 
G_ .  grandis 

_G .  striata 
Melica  mutica 

M .  nitens 

Tribe:  STIPEAE 
Oryzopsis  asperif olia 
_0.  racemosa 
S tipa  Columbiana 
S_.  robust  a 

S.  spar tea 

Tribe:  TRITICEAE 
Agropyron  crista turn 
A .  repens 
A .  smithii 
Elymus  canadensis 
JE .  villosus 
E .  virginicus 
Hordeum  jubatum 

H .  pus ilium 
Hys trix  pa tula 
Secale  cereale 
Sitanion  hys trix 
Tr iticum  aes tivum 

T.  cylindricum 


(1) 

(2) 

(3) 

(4) 

(3) 

(6) 

(7) 

A 

P 

H 

13 

0 

— 

0 

A 

P 

H 

5 

0 

— 

0 

A 

P 

H 

4 

0 

— 

A 

P 

H 

4 

0 

— 

0 

A 

P 

H 

3 

0 

— 

0 

A 

P 

H 

1 

0 

— 

A 

P 

H 

3 

0 

— 

0 

A 

P 

H 

2.3 

0 

— 

0 

A 

P 

H(S) 

1(2) 

0 

0 

A 

P 

H 

no 

CM 

0 

— 

A 

P 

H 

1 

0 

— 

20 

A 

P 

H 

1(2) 

0 

— 

25 

A 

P 

H 

2 

20 

B 

A 

P 

H 

1 

70 

T 

A 

P 

H  (S) 

1 

0 

— 

0 

A 

P 

H 

1 

0 

— 

A 

P 

H 

3 

0 

— 

0 

A 

P 

H 

4 

0 

— 

0 

A 

P 

H 

0 

-0 

— 

A 

P 

H 

1 

40 

M 

A 

P 

H 

1 

0 

A 

P 

H 

5 

0 

— 

A 

P 

H 

4 

0 

— 

A 

P 

H 

5(2) 

0 

— 

0 

A 

P 

H 

3 

0 

— 

A 

P 

H 

6 

0 

— 

0 

A 

P 

H 

4 

0 

I 

P 

H 

5 

0 

— 

A 

P 

H 

2 

0 

— 

A 

P 

S 

3 

0 

— 

A 

P 

H 

0 

0 

— 

A 

P 

H 

3 

0 

A 

P 

H 

4 

0 

— 

0 

A 

P 

H 

4 

0 

— 

0 

A 

P 

H 

6 

0 

— 

0 

A 

P 

S(H) 

5 

0 

— 

0 

A 

P 

H  (S) 

6.5 

0 

— 

0 

A 

P 

H 

4 

0 

— 

0 

A 

P 

H 

3 

0 

— 

0 

A 

P 

H 

6 

0 

— 

0 

A 

P 

H 

4 

0 

— 

0 

A 

P 

H 

4 

0 

— 

A 

P 

H 

3 

0 

— 

0 

A 

P 

H 

3 

0 

0 
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SPECIES 

(1) 

(2) 

(3) 

0+) 

(3) 

(6) 

(7) 

SUBFAMILY  2.  PANICOIDEAE 

Tribe:  ANDROPOGONEAE 

Andropogon  elliottii 

P 

P 

S 

1 

SO 

U&M 

A.  gerardii 

P 

P 

S 

1 

32 

U 

40 

A.  virginicus 

P 

P 

s 

1 

70 

U&M 

Arthraxon  hispidus 

P 

P 

H 

1 

90 

T 

Erianthus  alopecur oides 

A 

P 

S 

4 

0 

— 

E.  ravennae 

A 

P 

S 

2 

0 

— 

Manisuris  rugosa 

P 

P 

S 

1 

65 

U&M 

Microstegium  vimineum 

P 

P 

H 

0 

60 

U&M 

Miscanthus  sinensis 

A 

I 

S 

11 

0 

— 

0 

Schizachyrium  scoparium 

P 

P 

S 

1 

57 

U&M 

65 

Sorghastrum  elliottii 

P 

P 

H 

4 

0 

— 

S .  nutans 

P 

P 

H 

2 

0 

— 

0 

Sorghum  halepense 

P 

P 

S 

1 

22 

U 

50 

S .  vulgare 

I 

P 

S 

1 

5 

u 

Tripsacum  dactyloides 

P 

P 

S 

1 

25 

u 

25 

Zea  mays 

P 

P 

S 

5 

16 

M 

Tribe:  PANICEAE 

Cenchrus  pauciflorus 

P 

P 

H(S) 

1 

66 

T 

75 

Digitaria  filiformis 

P 

P 

H 

1 

50 

T 

D.  ischaemum 

P 

P 

H 

1 

55 

T 

75 

D.  sanguinalis 

P 

P 

H 

1 

75 

T 

75 

Echinochloa  crusgalli 

P 

P 

S 

1 

50 

T 

65 

Leptoloma  cognatum 

A 

A 

H 

1 

60 

T 

Panicum  agrostoides 

P 

P 

H 

0 

45 

U&M 

P.  anceps 

P 

P 

H 

0 

45 

U&M 

P.  boscii 

P 

P 

S(H) 

1 

20 

U 

20 

P.  capillare 

P 

P 

H 

1 

40 

U&M 

50 

P.  clandestinum 

P 

P 

H 

0 

35 

U&M 

45 

P.  columbianum 

P 

P 

S 

1 

25 

U 

P.  depauperatum 

A 

A 

H 

1 

35 

U 

P.  dichotomif lorum 

P 

P 

H 

1 

80 

T 

80 

P.  dichotomum 

P 

P 

H 

1 

20 

U 

P.  huachucae 

P 

P 

S 

1 

35 

U&M 

50 

P.  lanuginosum 

P 

P 

S  (H) 

1 

0 

P.  latifolium 

P 

P 

H 

1 

60 

U&M 

70 

P.  linear  if olium 

A 

A 

H 

1 

75 

T 

P.  ma ttamuskeetense 

P 

I 

H 

1 

25 

M 

P.  meridionale 

P 

P 

S 

1 

15 

U 

P.  microcarpon 

P 

P 

H 

1 

60 

U&M 

P.  oligosanthes 

I 

P 

H 

1 

50 

U&M 

P.  perlongum 

P 

I 

H 

1 

45 

U&M 

P.  polyanthes 

P 

P 

H 

1 

5 

U 

P.  scribner ianum 

P 

P 

H 

1 

42 

U&M 

P.  virgatum 

A 

P 

H 

1(4) 

0 

— 

0 

P.  xalapense 

P 

P 

H(S) 

1 

40 

U&M 

Paspalum  blodgettii 

A 

P 

S 

0 

40 

U 

P.  cilia tif olium 

A 

P 

S 

0 

40 

U&M 

40 

P.  circulare 

A 

P 

H 

1 

0 

— 

P.  dilatatum 

P 

P 

H  »  1 

45 

U&M 
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SPECIES 

(1) 

(2) 

(3) 

(^) 

(3) 

(6) 

(7) 

P.  floridanum 

I 

P 

H 

2 

10 

U 

P.  fluitans 

A 

P 

H 

1 

75 

T 

P.  pub  if  1  orum 

P 

P 

H  (S) 

2 

55 

T 

55 

P.  urvillei 

A 

P 

H 

1 

10 

M 

Pennisetum  alopecur oides 

P 

P 

H 

1 

20 

B 

Setaria  faberii 

P 

P 

S 

1 

70 

M&B 

80 

S .  italica 

P 

A 

H 

1 

25 

B 

S .  lutescens 

P 

P 

S(H) 

1(2) 

50 

T 

70 

S.  macr ostachya 

P 

P 

s 

1 

80 

T 

S .  magna 

P 

I 

H 

1 

26 

U&B 

S .  ver tic  ilia ta 

P 

P 

S 

1 

43 

T 

S .  viridis 

P 

P 

S 

1 

35 

M&B 

80 

SUBFAMILY  3.  ERAGROSTOIDEAE 

Tribe:  AELUROPODEAE 

Distichlis  spicata 

A 

A 

S 

3.5 

19 

M 

Tribe:  ARISTIDEAE 

Aristida  dichotoma 

P 

A 

H 

0 

84 

T 

A.  divaricata 

P 

A 

S 

1 

20 

B 

A.  fendleriana 

P 

A 

S 

2 

20 

B 

A  .  intermedia 

P 

A 

H 

0 

53 

T 

A.  longespica 

A 

P 

H 

1 

24 

M 

A.  oligantha 

P 

A 

H(S) 

1 

65 

T 

A.  purpurascens 

P 

A 

s 

1 

0 

A.  ramosissima 

P 

A 

H 

1 

47 

T 

A.  tuberculosa 

P 

A 

S 

1 

75 

T 

Tribe:  CHLORIDEAE 

Bouteloua  curtipendula 

A 

P 

s 

** 

0 

— 

0 

B.  gracilis 

A 

P 

s 

4 

0 

-- 

B.  hirsuta 

A 

P 

s 

1 

0 

— 

Buchlod  dactyloides 

A 

P 

s 

2 

41 

M&B 

Chloris  verticillata 

A 

P 

s 

2.5 

30 

B 

C  .  virga ta 

A 

P 

s 

2 

25 

B 

Cynodon  dactylon 

P 

P 

H 

3 

22 

M&B 

Eleusine  indica 

A 

P 

S 

2 

20 

M 

20 

Hilaria  jamesii 

A 

P 

S 

3 

30 

B 

Leptochloa  fascicularis 

A 

I 

H 

1 

30 

U 

>■ 

L.  filiformis 

A 

P 

H 

2 

70 

M&B 

-• 

Spartina  patens 

A 

P 

H 

7 

0 

— 

S .  pect ina ta 

A 

P 

H 

4 

0 

— 

0 

Tribe:  ERAGROSTEAE 

Calamovilfa  longifolia 

s 

A 

A 

S 

13 

0 

0 

Eragrostis  cilianensis 

A 

P 

H 

1.2 

33 

U&M 

40 

E.  frankii 

A 

P 

H 

1 

75 

T 

80 

E.  hypnoides 

P 

P 

H 

1 

50 

T 

60 

E.  oxylepis 

A 

P 

H 

1 

0 

— 

E.  pectinacea 

A 

P 

H  (S) 

1 

80 

T 

80 

E.  spectabilis 

A 

A 

II 

4 

0 

— 

0 

E.  trichodes 

A 

I 

H 

1 

0 

_ _ 

0 

1 

l 

■ 

% 


SPECIES 

(1) 

(2) 

(3) 

(4) 

(3) 

(6) 

(7) 

Muhlenbergia  frondosa 

P 

P 

H 

0 

too 

T 

100 

M.  mexicana 

P 

P 

H 

2 

60 

U&M 

M.  schreberi 

P 

P 

S 

1 

26 

U&B 

40 

M.  soboLifera 

P 

P 

H 

1 

13 

U 

25 

M.  sylvatica 

P 

P 

H 

0 

70 

U&M 

M.  tenuiflora 

P 

P 

H 

2(8) 

0 

— 

0 

Sporobolus  asper 

A 

P 

S 

0 

30 

U 

45 

S.  clandestinus 

A 

P 

S 

0 

40 

u 

S.  cryptandrus 

A 

P 

S 

1 

45 

u 

S.  heterolepis 

A 

P 

S 

3 

0 

— 

0 

S .  neglectus 

P 

P 

S(H) 

0 

70 

U&M 

S.  poiretii 

A 

P 

S 

1 

0 

— 

S.  vaginif lorus 

P 

P 

S 

0 

80 

U&M 

S  .  wr ightii 

A 

P 

H 

3 

0 

Tridens  flavus 

A 

P 

H 

2.5 

0 

-- 

0 

Triplasis  purpurea 

A 

P 

S 

0 

90 

T 

Tribe:  UNIOLEAE 

Uniola  paniculata 

I 

P 

H 

3 

0 

— 

SUBFAMILY  4.  ORYZOIDEAE 

Tribe:  ORYZEAE 

Leersia  lenticular is 

A 

P 

H 

1.5 

13 

B 

L.  oryzoides 

A 

P 

H 

I 

50 

T 

L.  virginica 

A 

P 

H 

I 

60 

T 

75 

Oryza  sativa 

A 

P 

H 

1 

20 

B 

SUBFAMILY  5.  ARUNDINOIDEAE 

Tribe:  ARUNDINEAE 

Arundo  donax 

A 

A 

H 

3 

17 

M 

Phragmites  communis 

I 

A 

H 

6 

0 

— 

Tribe:  CENTOTHECEAE 

Chasmanthium  Latifolium 

I 

P 

H 

6 

0 

0 

Tribe:  DANTHONIEAE 

Danthonia  compressa 

A 

P 

S 

0 

61 

U&M 

D.  sericea 

A 

P 

H 

0 

45 

U 

D.  spicata 

A 

P 

H 

0 

45 

U 

45 

**  see  text 
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compound  nodes  is  composed  of  three  or  four  nodes  grouped  together 
with  each  having  a  well  developed  leaf  and  a  bud  or  branch  in  the 
leaf  axil.  The  same  type  of  compound  nodes  are  found  in  Ar istida 
oligantha  Michx.  and  A.  tuberculosa  Nutt.,  particularly  on  the  upper 
part  of  the  culm.  An  almost  idential  type  of  development  is  found 
in  Eleusine  indica  (L.)  Gaertn.  where  the  culms  usually  have  two 
compound  nodes  separated  by  a  normal  internode.  Each  of  the  com¬ 
pound  nodes  is  composed  of  two  or  three  nodes,  each  with  a  well  dev¬ 
eloped  leaf  and  usually  a  bud  or  branch  in  the  axil  of  each  leaf. 
Occasionally  the  upper  node  of  a  compound  node  will  lack  a  bud  or 
branch. 

Hackel  (1890)  reported  the  existence  of  TTtuftsTT  on  the  upper 
nodes  and  runners  in  species  of  Spor obolus ,  Cynodon,  Aelur opus ,  and 
Chlor is ,  which  were  caused  "through  the  non-development  of  the  inter¬ 
nodes".  Bogdan  (1952)  also  mentioned  the  existance  of  compound  nodes 
on  the  stolons  and  culms  of  18  species  of  grasses  from  Kenya,  while 
more  recently  Rawal  and  Harlan  (1971)  found  the  same  condition  in 
Cynodon  dactylon  (L.)  Pers.  They  reported  that  the  culms  of  this 
species  have  two  leaves  at  each  node,  with  only  the  lower  subtending 
a  lateral  bud.  Similar  results  were  obtained  during  the  present 
study.  This  type  of  compound  node  also  occurs  in  Eragr os tis  hypnoides 
(Lam.)  BSP.,  where  usually  only  the  lower  leaf  of  a  compound  node 
will  subtend  a  bud  or  branch.  Rarely,  in  this  latter  species  both 
of  the  leaves  of  a  compound  node  subtend  a  bud  or  branch.  Occasion¬ 
ally  compound  nodes  are  also  found  near  the  upper  part  of  the  culm 
of  Arundo  donax  L. ,  and  near  the  middle  of  the  culm  of  Uniola  panic- 
ulata  L.  In  both  species,  the  leaves  of  the  compound  nodes  may  or 
may  not  have  buds  present.  In  these  two  species  usually  there  is 
only  one  compound  node  on  the  culm  with  the  remaining  internodes 
well  developed. 

A  very  unusual  type  of  branching  is  found  in  Triplasis  purpurea 
(Walt.)  Chapm.  and  the  three  species  of  Danthonia  examined.  In  the 
axils  of  most  of  the  culm  leaves  are  elongated  spikelets.  These 
spikelets  usually  consist  of  one  to  five  widely  separated  florets 
with  the  slender  rachilla  joints  as  long  or  longer  than  the  individ¬ 
ual  florets.  The  entire  structure  is  enclosed  by  the  leaf  sheath 
and  is  strikingly  different  from  the  normal  spikelets  borne  on  the 
terminal  inflorescence.  These  cleistogamous  spikelets  were  first 
reported  by  Chase  (1908)  In  Triplasis  purpurea  (Walt.)  Chapm.  and 
later  in  12  species  of  Danthonia  (Chase,  1918) .  For  the  purpose  of 
this  study  these  spikelets  are  treated  as  branches  (Table  1) . 

Stebbins  and  Crampton  (1961)  suggested  that  branching  could 
be  increased  in  many  grasses  by  removing  the  terminal  inflorescence. 

To  determine  the  extent  to  which  branching  could  be  increased,  in¬ 
dividuals  in  populations  of  89  different  species  of  grasses  were 
decapitated  as  the  terminal  inflorescence  emerged  from  the  leaf 
sheath  (Table  1,  column  7) .  Of  the  47  species  of  the  subfamily 
Festucoideae  that  were  decapitated,  only  five  developed  any  branches. 
In  two  of  these  the  controls  also  branched,  while  in  the  remaining 
three  (Agr ostis  alba  L.  and  two  species  of  Lolium) ,  the  controls 
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Table  2.  The  pulvinus  condition,  the  internode  condition,  and  the  bud  and  branching  pattern 
that  is  most  commonly  found  in  each  of  the  subfamiLies  of  grasses.  The  percentage 
of  the  species  studied  that  have  the  commonLy  encountered  characteristics  is  also 
included  for  each  trait. 
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did  not  branch.  In  the  other  festucoid  species  tested,  even  the  buds 
near  the  base  of  the  culm  did  not  develop  into  branches,  though  there 
was  increased  tillering  from  the  rhizomes  of  some  of  the  species.  In 
the  remaining  subfamilies,  it  was  found  that  if  the  culms  normally 
branched,  then  branching  could  usually  be  increased  to  some  extent  by 
decapitation,  but  species  that  normally  did  not  branch  could  not  be 
induced  to  do  so. 


CONCLUSIONS 

Culm  characteristics  such  as  the  presence  or  absence  of  sheath 
and  culm  puLvini,  solid  vs.  hollow  internodes,  and  the  extent  and 
position  of  axillary  buds  and/or  branches  are  of  some  taxonomic  value 
in  the  Gramineae.  Furthermore,  some  of  these  characteristics  can  be 
used  as  an  additional  aid  in  separating  the  subfamilies  as  they  are 
now  recognized  in  most  modern  systems  of  grass  classification  (Table 
2) .  The  species  studied  in  the  subfamily  Festucoideae  are  very  con¬ 
sistent  in  their  culm  characteristics  with  nearly  all  lacking  culm 
pulvini,  having  sheath  pulvini,  having  hoLlow  internodes,  and  lacking 
lateral  branches.  Also,  the  majority  of  the  species  lack  buds  at  the 
upper  three  or  more  nodes  of  the  culm.  The  Panicoideae  and  Eragrost- 
oideae  species  are  more  variable  in  pulvini  and  internode  condition, 
but  the  majority  have  both  culm  and  sheath  pulvini.  These  two  sub¬ 
families,  however,  can  usually  be  separated  from  the  Festucoideae 
since  most  of  the  species  have  branching  culms  and  buds,  or  branches 
present  at  all  but  the  upper  one  or  two  nodes  of  the  culm  (Table  2) . 

The  present  study  also  indicated  that  the  internode  condition 
(solid  vs.  hollow)  is  the  result  of  environmental  adaptation.  Solid 
stemmed  species  are  more  common  in  arid  regions  while  hollow  inter¬ 
nodes  are  more  common  in  species  from  cool  humid  regions. 
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ABSTRACT 


A  study  of  the  lichen  population  of  14  varied  sites  in 
the  Rocky  Branch  Nature  Preserve,  located  in  east-central 
Illinois,  was  carried  out.  Sixty-eight  lichen  species 
and  two  forms  and  one  variety  were  collected  in  the  pre¬ 
serve.  The  collection  of  22  additional  species  from 
Clark  and  Coles  Counties  is  reported. 

INTRODUCTION 

Rocky  Branch  Nature  Preserve  is  located  in  Clark  County  (Sections 
29  and  30,  T12N,  R12W)  six  miles  northwest  of  Marshall,  Illinois.  This 
130  acre  tract,  which  was  purchased  by  the  Illinois  Chapter  of  the  Nature 
Conservancy  and  placed  under  the  trusteeship  of  Eastern  Illinois  Univer¬ 
sity,  is  maintained  as  a  natural  area  for  instructional  and  research 
purposes.  A  unique  feature  of  Rocky  Branch  is  the  exposed  sandstone 
rock  outcroppings.  Earlier  floristic  studies  of  this  preserve  have  dealt 
primarily  with  vascular  plants  (Stover,  1930;  Ebinger  and  Parker,  1969; 
Ebinger  and  Hellinga,  1970;  Ebinger  and  Hughes,  1971)  or  bryophytes 
(Vaughan,  1941;  Arzeni,  1947).  Prior  work  on  the  lichens  of  central 
Illinois  has  been  extremely  limited,  dating  almost  entirely  from  the 
nineteenth  century  and  limited  largely  to  Peoria,  Menard,  and  Fulton 
counties  (Brendel  (1887),  Willey  (1877),  and  Wolf  and  Hall  (1878)).  No 
reports  of  previous  lichen  collections  from  Clark  County  or  adjacent 
counties  have  been  encountered  in  the  literature. 

Fourteen  locations  in  the  Rocky  Branch  Nature  Preserve  were  selected 
as  representative  of  the  diverse  habitats  found  within  the  preserve.  Each 
location  is  characterized  by  a  distinctive  lichen  species,  or  association 
of  lichen  species,  and  will  be  referred  to  as  a  habitat.  The  position  of 
each  habitat  is  indicated  on  a  map  of  the  preserve  (Fig.  1).  The  map  was 
originally  prepared  by  Dr.  John  E.  Ebinger  in  connection  with  a  survey  of 
the  vascular  plants,  and  stakes  remaining  from  this  study  were  used  in 
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plotting  locations  on  the  map.  Acknowledgement  is  also  made  to  Dr.  Ebin- 
ger  for  the  identification  of  many  of  the  herbaceous  vascular  plants  and 
to  Dr.  Charles  Arzeni  for  the  identification  of  the  bryophytes. 

For  each  habitat  a  study  was  made  of  the  physical  characteristics, 
light  conditions,  and  associated  vascular  plants  and  bryophytes.  Direc¬ 
tion  of  exposure  to  light  was  determined  by  a  Hunter  pocket  campass  and 
light  intensity  was  measured  by  use  of  a  Weston  Illumination  light  meter 
(Model  756)  with  quartz  filter  that  measures  light  intensities  ranging 
from  0  to  10,000  foot  candles.  These  readings  are  recorded  in  Tables  1 
and  2.  For  each  habitat,  readings  were  taken  in  both  winter  (January  23, 
1971)  with  no  leaf  cover  and  summer  (June  16,  1971)  with  leaf  cover  pre¬ 
sent.  Duplicate  readings  were  taken  at  the  same  location  in  each  habitat 
and  at  approximately  the  same  time  of  day.  It  should  be  emphasized  that 
the  times  given  are  approximate,  for  it  required  about  one  hour  to  cover 
all  14  stations.  Control  light  readings  in  full  sunshine  were  taken  at 
the  beginning  of  each  set  of  readings,  and  these  readings  are  placed  in 
parentheses  in  conjunction  with  the  time  of  day.  The  resulting  time  gap 
explains  why  a  few  of  the  readings  are  greater  than  the  listed  control. 
Light  meter  readings  were  recorded  in  foot  candles,  and  all  readings  were 
taken  at  central  standard  time. 

CALOPLACA  CERINA-ENDOCARPON  PUSILLUM  HABITAT 

(Location  #1) 

On  a  concrete  well-covering  near  an  abandoned  house,  the  crustose 
lichens  Caloplaca  cerina ,  Endocarpon  pusillum,  Bacidia  trachona ,  and 
Verrucaria  rupestris  occur  sparingly.  The  concrete  well-covering  is 
normally  quite  shaded  due  to  the  close  proximity  of  the  abandoned  house 
and  the  nearby  trees,  and  only  occasionally  received  some  direct  sunlight. 

A  similar  habitat,  a  concrete  bridge  abutment  near  the  entrace  to  Rocky 
Branch  Nature  Preserve,  was  also  examined  for  lichens.  Growing  on  it  were 
Lecanora  dispersa,  Bacidia  trachona ,  both  crustose  species,  and  the  small 
foloise  Physcia  orbicularis  f.  albociliata.  Both  of  these  concrete  forma¬ 
tions  are  rather  xeric  and  are  restricted  largely  to  crustose  species. 

GRAPHIS  SCRIPTA-TRYPETHELIUM  VIRENS  HABITAT 

(Location  #2) 

Carpinus  caroliniana  Walt.,  a  characteristic  understory  tree  in  East- 
Central  Illinois']  is  abundant  along  Rocky  Branch  and  is  conspicuous  because 
of  its  smooth  and  ridged  gray  bark.  The  crustose  lichens  Graphis  scripta, 
Arthonia  caesia,  and  Trypethelium  virens  predominate  on  the  trunk  and 
branches  of  this  species.  Additional  lichens  observed  less  abundantly  on 
this  tree  were  several  small  foloise  species  (Physcia  millegrana,  P. 
s tellaris ,  P.  orbicularis,  and  Candelaria  concolor)  and  two  crustose  spe¬ 
cies  (pertusaria  xanthodes  and  Leprar ia  aeruginosa) .  Of  the  25  Carpinus 
trees  examined  at  random,  only  three  were  found  not  to  have  any  lichen 
growth  on  the  trunk.  For  a  particular  lichen  species  the  abundance, 
placement,  and  colony  size  were  quite  variable,  although  generally  there 
was  a  greater  abundance  where  direct  sunlight  was  absent  from  the  trunk 
and  branches.  Light  meter  readings  for  this  habitat  were  taken  at  a 
Carpinus  tree  with  unusually  profuse  lichen  growth,  particularly  of 
TrypetEelium  virens  and  Graphis  scripta.  These  light  readings  indicate 
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that  the  lichens  at  this  location  are  quite  shaded  in  both  winter  and 
summer.  A  comparison  of  the  lichen  flora  of  Carpinus  caroliniana  was 
made  with  that  of  Fagus  grandifolia  Ehrh.,  a  larger  tree  that  tends  to 
occur  in  more  open  areas  of  the  forest,  but  also  having  a  smooth  gray 
bark.  The  lichen  growth  was  less  abundant  on  Fagus ,  but  Graphis  scrip ta 
and  Trypethelium  virens  were  again  the  most  commonly  noted  species. 

Additional  species  observed  less  frequently  on  Fagus  were  Pertusaria 
xanthodes ,  Lepraria  aeruginosa,  Parmelia  caperata  and  Physcia  orbicularis 
f.  rubropulchra,  the  latter  two  foloise  taxa. 

It  is  worth  noting  that  Trypethelium  virens  was  observed  growing  only 
on  the  trunk  and  branches  of  Carpinus  and  Fagus ,  and  only  at  Rocky  Branch. 
Skorepa  (1973)  reports  this  lichen  as  typically  growing  on  Carpinus  along 
creeks  in  mesic  woods.  Both  Brodo  (1968),  in  his  study  of  the  lichens  of 
Long  Island,  and  Johnson  (1959),  in  his  treatment  of  the  Trypetheliaceae 
of  Mississippi,  give  Fagus  as  a  common  substratum  for  Trypethelium  virens , 
but  do  not  mention  Carpinus .  Brodo  makes  the  observation  that  this  lichen 
is  never  found  on  well- illuminated  trunks.  On  the  other  hand,  Graphis 
scripta  is  fairly  abundant  on  Carya  ovata  (Mill.)  K.  Koch  and  occasionally 
on  other  trees  such  as  Quercus  alba  L. ,  while  Arthonia  caesia  frequents 
a  number  of  species  of  trees.  Both  Graphis  scripta  and  Arthonia  caesia 
appear  to  be  common  in  east-central  Illinois. 

LEPRARIA  AERUGINOSA  RACODIUM  RUPESTRE  HABITAT 

(Location  #3) 

A  large  northwestern-facing  sandstone  cliff  located  on  the  south  side 
of  Rocky  Branch  Creek  harbors  an  association  of  Lepraria  aeruginosa  and 
Racodium  rupestre .  These  lichens  are  quite  abundant  and  cover  an  area  ex¬ 
tending  approximately  60  yards  in  length.  The  powdery  whitish-gray  crus- 
tose  thallus  of  Lepraria  contrasts  markedly  with  the  black  filaments  of 
Racodium,  one  of  the  few  lichens  in  which  the  form  of  the  thallus  is  provided 
by  the  alga.  Racodium  is  found  in  two  other  shaded  locations  in  Rocky 
Branch  Nature  Preserve  in  lesser  amounts,  but  has  not  been  observed  else¬ 
where  in  east-central  Illinois.  In  contrast,  Lepraria  is  commom  in  this 
portion  of  Illinois  and  is  especially  abundant  in  the  preserve,  occupying 
a  variety  of  habitats  such  as  old  wood,  tree  trunks,  mosses,  soil,  and 
sandstone.  On  the  cliff  selected  as  the  typical  habitat  for  the  associa¬ 
tion  of  these  two  lichens,  Lepraria  is  present  in  both  shaded  and  sunny 
locations,  although  it  appears  to  be  most  abundant  in  shade.  Racodium, 
in  contrast,  seems  to  be  restricted  primarily  to  shaded  locations.  The 
inclined  angle  of  the  cliff  plus  the  canopy  formed  by  the  surrounding  trees 
result  in  a  densely  shaded  location  most  of  the  time. 

BAEOMYCES  ABSOLUTUS  HABITAT 
(Location  #4) 

Only  a  small  portion  of  a  north-facing  sandstone  cliff  bordering 
Rocky  Branch  Creek  possesses  the  unique  association  of  Baeomyces  absolutus 
Tuck.,  one  of  the  pink  mushroom  lichens,  and  Sphagnum  palustre  L.,  bog  moss. 
Two  additional  species  of  Sphagnum  have  been  recorded  from  this  location, 

S.  tenerum  Sull  &  Lesg.  and  S_.  squarrosum  Crome  (Arzeni,  1947.)  This 
lichen,  as  well  as  the  bog  moss,  is  unique  for  this  portion  of  Illinois, 
and  they  dominate  a  very  moist  and  well-shaded  cliff  face,  in  company  with 
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other  mosses  and  liverworts.  Baeomyces ,  with  its  light  pink  apothecia,  is 
quite  noticeable  on  the  dark  orange-brown  sandstone.  This  lichen  occurs 
at  various  levels  on  the  cliff  face.  Near  the  base  of  the  cliff  it  grows 
in  association  with  algae,  higher  up  with  foliose  liverworts,  and  still 
higher  it  is  associated  with  Sphagnum  and  other  mosses.  A  colony  of  Baeom¬ 
yces  that  measured  55  cm.  in  length  and  45  cm.  in  width  was  selected  as 
the  location  for  light  meter  readings.  This  colony  faces  a  northerly 
direction  and  is  shaded  by  Fagus  grandifolia  and  Carpinus  caroliniana. 

The  readings  indicate  that  this  colony  of  Baeomyces  absolutus  is  growing 
in  a  heavily  shaded  location. 

Baeomyces  absolutus  is  found  sporadically  on  more  or  less  vertical 
sandstone  outcroppings  throughout  the  western  portion  of  Rocky  Branch  Nature 
Preserve.  Nowhere  else  is  Sphagnum  associated  with  it  and  in  fact  Sphagnum 
is  restricted  to  location  #4.  Most  of  these  other  colonies  of  Baeomyces 
are  growing  in  drier  and  less  shaded  locations  than  at  the  habitat  selected 
as  typical  for  this  species  and  tend  to  have  smaller  colony  size  with  less 
abundant  apothecia.  Fink  (1935)  regarded  this  lichen  as  rare  and  reported 
for  it  a  rather  limited  geographic  range  in  the  United  States  from  West 
Virginia  to  eastern  Missouri,  southward  to  northern  Alabama.  The  popula¬ 
tion  at  Rocky  Branch  is  at,  or  certainly  near,  the  northern  edge  of  its 
range  in  this  country.  A  recent  paper  by  Brizuela  and  Guzman  (1971)  reports 
this  species  from  several  locations  in  Mexico,  and  Skorepa  (1973)  indicates 
that  it  is  known  southward  to  Brazil  and  the  West  Indies  and  also  in  Japan. 

CLADINA  SUBTENUIS -CLADONIA  FURCATA  HABITAT 

(Location  #5) 

On  a  hilltop  on  the  south  side  of  Rocky  Branch  Creek,  large  mats  of 
two  reindeer  mosses,  Cladina  subtenuis  and  Cladonia  furcata  var.  furcata  are 
abundant.  Cladina  subtenuis ,  with  its  yellowish-grey  podetia  that  lack 
squamules,  contrasts,  with  the  squamulate,  dark  green,  more  robust  podetia 
of  C.  furcata.  At  this  location  one  aggregation  of  these  two  species 
measured  approximately  25  yards  long  and  15  yards  wide.  They  occur  pri¬ 
marily  where  the  hilltop  slopes  downward  and  less  frequently  in  level 
areas,  where  herbaceous  vegetation  and  trees  predominate.  The  light  meter 
readings  indicate  that  this  area  receives  near  maximum  sunlight  in  the 
winter,  but  in  the  summer  it  is  partly  shaded  by  the  surrounding  trees. 
Although  both  Cladonia  furcata  var  furcata  and  C.  subtenuis  are  frequent 
elsewhere  in  Rocky  Branch,  few  areas  demonstrate  as  well  the  growth  po¬ 
tential  of  these  two  species. 

This  hilltop  area  is  bordered  by  a  few  trees  of  Fagus  grandifolia 
Ehrh.  and  Quercus  alba  L . ,  and  it  is  interspersed  with  trees  of  Carya  glabra 
(Mill.)  Sweet  and  seedlings  of  Liriodendron  tulipif era  L.  and  other  species 
of  trees.  Among  the  lichens  can  be  found  dense  mats  of  mosses,  notably 
Dicranum  scoparium  Hedw. ,  Leucobryum  glaucum  (Hedw.)  S chimp.,  and  Polytrichum 
ohioense  R.  &  C.  Additional  lichen  species  found  in  this  habitat  are 
Cladonia  cristatella  and  C.  chlorophaea.  The  most  prominent  herbaceous 
seed  plants  are  Solidago  nemoralis  Ait.,  Liatris  aspera  Michx.,  Anten- 
naria  pi an tag ini folia  (L.)  Hook.,  Potentilla  simplex  Michx.,  Andropogon 
scoparius  Michx.,  Agrostis  hyemalis  (Walt.)  BSP.,  and  Panicum  huachucae 
Ashe. 
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CLAD ON IA  VERTICILLATA  HABITAT 
(Location  #6) 


Only  a  few  small  specimens  of  Cladonia  verticillata,  the  ladder 
lichen,  were  found  on  this  sparsely  vegetated  hilltop,  located  on  the 
south  side  of  Rocky  Branch  Creek.  The  light  meter  readings  indicated 
that  this  location  receives  nearly  the  maximum  sunlight  available  at 
all  times  of  the  day.  Other  species  of  Cladonia  observed  in  this  habi¬ 
tat  were  C.  bacillaris ,  C .  chlorophaea,  C .  cristatella,  C.  capitata,  C. 
furcata  var  furcata,  C.  polycarpoides ,  and  C.  piedmontensis .  Associated 
plants  were  several  mosses  (Bryum  caespiticium  (Hedw.),  Leucobryum  glaucum 
Schimp ) }sedges  (Carex  hirsutella  Mack.,  Carex  artitecta  Mack.),  grasses 
(Arist ida  dichotoma  Michx. ,  Andropogon  scoparius  Michx. ,  and  Danthonia 
spicata  (L.)  Beauv.)  and  herbaceous  dicots  (Aster  pilosus  Willd., 

Solidago  nemoralis  Ait . ,  Solidago  juncea  Ait . ,  Potentialla  simplex  Michx . , 
Antennaria  plantaginifolia  (L)  Hook.,  Liatris  aspera  Michx. ,  Hypericum 
punctatum  Lam. ,  Cirsium  vujgare  (Savi)  Tenore,  and  Lespedeza  virginica 
(L.)  Britt.) 

Cladonia  verticillata  is  perhaps  the  rarest  of  the  larger  lichens 
in  the  preserve,  since  only  five  small  colonies  of  this  easily  recognized 
species  were  found  at  this  location,  in  addition  to  one  very  small  colony 
being  observed  on  the  north  side  of  Rocky  Branch  Creek  in  the  habitat 
selected  as  typical  for  Cladonia  cristatella  (#11) . 

PARMELIA-PHYSC1A  HABITAT 
(Location  #7) 

The  oak  and  hickory  wooded  hilltop  on  the  south  side  of  Rocky  Branch 
Creek  selected  for  this  habitat  contains  an  abundance  of  foliose  lichens 
growing  on  trees.  The  rather  widely  spaced  trees  on  this  hilltop,  which 
slopes  to  the  north  and  west,  produce  a  partially  shaded  to  almost  open 
habitat,  with  the  ground  covered  sporadically  by  mats  of  mosses,  pre¬ 
dominantly  Dicranum  scoparium  Hedw.,  Leucobryum  glaucum  (Hedw.)  Schimp., 
Polytrichum  ohioense  R.  &  C. ,  and  Atrichum  angustatum  (Brid. )  Bry.  Eur .  , 
and  several  lichens,  notably  Cladonia  polycarpoides ,  C.  chlorophaea  and  C. 
cristatella.  A  quadrat  measuring  90  feet  long  and  39  feet  wide  was  set 
up  on  this  hilltop  and  the  number  of  trees  occurring  in  this  quadrat  were 
counted  and  surveyed  for  lichen  growth.  It  contained  85  trees,  all  of  which 
had  lichens  growing  on  them,  and  most  of  them  had  foliose  species.  The 
trees  in  this  quadrat  included  several  species  of  Quercus ,  several  species 
of  Carya,  and  Acer  saccharum  Marsh.  ;  understory  trees  were  Cornus  f lorida 
L.  and  Ostrya  virginiana  (Mill.)  K.  Koch.  Quercus  alba  L.  was  the  most 
abundant  tree  with  25  present. 

Parmelia  caperata  (L.)  Ach.,  a  sizable  yellowish-green  foliose  lichen, 
occurs  in  large  masses  on  the  basal  portion  of  many  trees  in  this  habitat, 
while  Parmelia  rudecta  Ach.,  a  very  abundant  large  bluish-gray  foliose 
species  was  found  to  be  more  versatile  in  the  heights  of  the  tree  trunk  it 
occupies.  These  two  foliose  lichens  are  common  on  many  trees  species  in 
this  habitat  but  seem  to  produce  the  largest  colonies  and  to  be  of  the 
greatest  frequency  on  the  rough-bark  oaks.  In  addition  to  Parmelia  caperata 
and  P.  rudecta,  the  foliose  lichens  recorded  as  occurring  in  this  habitat 
on  the  trunk  and  branches  of  trees  are  Parmelia  aurulenta ,  P.  livida,  P. 
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reticulata,  Physcia  millegrana,  P.  orbicularis ,  P.  stellaris ,  P.  trib- 
acoides ,  Heterodermia  speciosa ,  Pyxine  sorediata  and  Candelaria  concolor . 
Crustose  lichens  include  Graphis  scripta,  Pertusaria  pustulata,  and  Lep- 
raria  aeruginosa.  For  this  habitat  the  light  meter  readings  were  taken 
near  two  trees,  one  supporting  Parmelia  caperata  at  the  base,  and  the  other 
tree  supporting  P.  rudecta  a  few  feet  above  ground  level.  The  tree  support 
ing  Parmelia  caperata  had  the  lichen  on  all  sides  of  the  tree.  In  contrast 
Parmelia  rudecta  occurred  as  rossettes  a  few  feet  above  the  ground  on  the 
north  side  of  the  trunk,  and  only  this  position  was  used  for  a  light  read¬ 
ing. 


The  readings  for  Parmelia  caperata  are  quite  variable,  suggesting 
that  this  species  grows  well  in  both  shaded  and  sunny  conditions,  since 
the  appearance  of  the  lichen  was  similar  in  both  conditions.  For  Par¬ 
melia  rudecta,  however  the  readings  indicate  a  more  shaded  condition. 

LECIDEA  ALBOCAERULESCENS  HABITAT 
(Location  #8) 

A  large  wedge  of  sandstone  approximately  5  feet  long  and  3  feet  wide, 
located  on  the  east  side  of  Rocky  Branck  Creek,  was  selected  for  the  typical 
habitat  of  Lecidea  albocaerulescens ,  a  conspicuous  crustose  species.  This 
west-facing  rock  lies  a  few  feet  above  the  creek  and  occupies  a  moist  situ¬ 
ation,  which  is  shaded,  except  at  mid-day,  by  the  surrounding  hillside  and 
trees  of  Acer  saccharum  Marsh,  and  Carpinus  caroliniana  Walt.  The  light 
meter  readings  indicate  that  this  habitat  is  well- shaded  for  most  of  the 
day,  especially  in  summer.  Growing  also  on  this  rock  are  several  mosses 
(Brachythecium  oxycladon  (Brid.)  J.  &  S.,  Brachythecium  salebrosum  (W.  &  M. ) 
Bry.  Eur. ,  Hypnum  curvifolium  Hedw.,  Bartramia  pomiformis  Hedw. ,  and  Plag- 
iothecium  mullerianum  S chimp . ) . 

Colonies  of  this  lichen  are  scattered  throughout  Rocky  Branch  on 
shaded  rocks,  but  this  colony  is  probably  the  largest  of  this  species  in 
the  preserve.  Although  this  noticeable  lichen  is  described  as  very  common 
in  New  England  and  other  parts  of  eastern  U.S.,  locally  it  has  been  noted 
in  only  one  other  location  in  addition  to  Rocky  Branch,  a  rocky  woodland 
approximately  two  miles  northwest  of  Rocky  Branch. 

DERMATOCARPON  MINIATUM  HABITAT 
(Location  #9) 

On  the  west  side  of  Rocky  Branch  Creek  Dermatocarpon  miniatum,  the  only 
umbilicate  lichen  encountered  in  this  area,  is  found  abundantly  on  a  sand¬ 
stone  ledge  protruding  from  an  east-facing  hillside,  the  ledge  kept  rather 
moist  most  of  the  time  by  natural  springs.  The  summer  light  meter  readings 
indicate  this  location  is  rather  shaded  all  day,  although  in  winter  there 
is  considerable  sunlight.  Associated  plants  growing  on  the  rock  ledge  at 
this  habitat  are  several  bryophytes  (Plagiochila  asplenioides  (L.)  Dumort., 
Brachythecium  salebrosum  (W.  &  M.)  Bry.  Eur.,  Eurhynchium  serrulatum  (Hedw.) 
Kindb.,  Plagio thecium  mullerianum  Schimp.,  Porella  platyphylloidea  (Schwein.) 
Lindb.)  and  a  fern  (Polystichum  acros tichoides  (Michx.)  Schott.) 

Dermatocarpon  miniatum  is  found  sporadically  in  Rocky  Branch  on  rock 
outcroppings,  most  commonly  in  shaded  ravines.  This  distinctive  lichen  has 
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been  observed  in  only  three  other  locations  in  the  vicinity:  in  the  same 
rocky  woodland  two  miles  northwest  of  Rocky  Branch  in  which  Lecidea  albo- 
caerulescens  grows,  on  a  shaded  rock  ledge  in  Coles  County  near  Charleston, 
and  a  very  small  stand  on  a  rock  outcropping  at  Rattlesnake  Hollow  north¬ 
west  of  Effingham,  in  Effingham  County. 

LEPRARIA  AERUGINOSA-CLADONIA  CHROLOPHAEA  HABITAT 

(Location  #10) 

On  a  south-facing  sandstone  cliff  that  receives  varying  amounts  of 
sunshine  and  moisture  Leprar ia  aeruginosa  and  Cladonia  chlorophaea  pre¬ 
dominate,  accompanied  by  smaller  quantities  of  Baeomyces  absolutus , 

Lecidea  albocaerulescens ,  and  Derma tocarpon  miniatum.  This  cliff,  approx¬ 
imately  eighty  yards  long  borders  the  north  side  of  Rocky  Branch  Creek 
and  has  been  notched  and  grooved  by  stream  action  and  portions  of  it  are 
shaded  by  trees.  Derma tocarpon  miniatum,  Baeomyces  absolutus ,  and  Lecidea 
albocaerulescens  grow  on  the  more  shaded  and  damp  areas  of  the  exposed  rock, 
while  Lepraria  aeruginosa  and  Cladonia  chlorophaea  occupy  those  areas  with 
more  light  and  less  moisture.  Cladonia  chlorophaea  typically  grows  on 
soil,  and  its  growth  on  rock  is  not  as  luxuriant.  Since  the  light  condi¬ 

tions  in  this  habitat  are  extremely  variable,  three  locations  were  selected 
for  light  meter  readings:  shaded,  partially  shaded,  and  sunny.  The  winter 
light  readings  indicate  this  location  receives  abundant  sunlight,  while 
summer  light  readings  indicate  the  area,  even  at  mid-day,  is  rather  shaded. 
Associated  bryophytes  on  this  rock  outcrop  are  Leucobryum  glaucum  (Hedw.) 
Schimp.,  Polytrichum  piliferum  Hedw.,  Platygyrium  repens  (Brid.)  Bry.  Eur., 
Brachythecium  salebrosum  (W.  &  M.)  Bry.  Eur.,  and  Porella  pinnata  L. 

CLADONIA  CRISTATELLA  HABITAT 
(Location  #11) 

Cladonia  cristatella,  the  red-cap  lichen,  is  very  abundant  in  an  up¬ 
land  field  region  located  on  the  north  side  of  Rocky  Branch  Creek  and 
abounds  in  exposed  areas  where  the  herbaceous  vegetation  is  sparse.  The 
light  meter  readings  indicate  that  this  location  receives  maximum  sun¬ 
light  most  of  the  day.  Associated  plants  include  bryophytes  (Cephalozia 
media  (Lindb).  ,  Ditrichum  pallidum  ^Hedw.)  Hampe,  Atrichum  angustatum  (Brid.) 
Bry.  Eur.)  and  several  species  of  herbs  (Andropogon  scoparius  Michx., 

Solidago  nemoralis  Ait.,  Danthonia  spicata  (L.)  Beauv.,  Antennaria  plant- 
aginifolia  (L.)  Hook.,  Erigeron  pulchellus  Michx.,  and  Potentilla  simplex 
Michx.).  Seedlings  of  Quercus  imbricaria  Michx.  and  Quercus  velutina  Lam. 
were  also  present. 

CYPHELIUM  TIGILLARE- CANDELARIA  C0NC0L0R- 
PHYSCIA  MILLEGRANA  HABITAT 
(Location  #12) 

The  crustose  lichen  Cyphelium  tigillare,  often  frequent  on  old  fence 
posts,  and  two  small  foliose  lichens,  Candelaria  concolor  and  Physcia 
millegrana,  are  the  most  prominent  of  the  several  lichen  species  that  have 
produced  a  heavy  growth  on  the  trunk  of  a  large  Quercus  rubra  L.,  located 
in  an  isolated  position  in  an  upland  field  on  the  north  side  of  Rocky  Branch 
Creek.  Other  species  present  on  this  tree  are  Parmelia  rudecta,  P.  caperata, 
Arthonia  caesia,  and  Physcia  s tellaris .  Parmelia  rudecta  and  P.  caperata, 


108 


two  foliose  species  commonly  forming  large  rosettes  on  oak  trees,  are 
present  only  as  small  rosettes  near  the  base  of  the  tree.  Arthonia  caesia, 
a  crustose  species,  is  found  only  on  the  north  side  of  the  tree  up  to  a 
height  of  five  feet  where  lower  light  intensities  predominate,  while 
Candelaria  concolor ,  Physcia  stellar is ,  and  P.  millegrana  are  found  on  all 
sides  of  the  tree  trunk  at  heights  ranging  up  to  fifteen  feet  from  the 
ground.  The  light  meter  readings  for  this  habitat  are  reported  for  all 
sides  of  the  tree,  in  order  to  give  some  idea  of  the  varying  light  condi¬ 
tions  present  around  the  trunk  as  light  intensities  change  throughout 
the  day.  These  readings  indicate  that  the  tree  trunk  is  exposed  to  abun¬ 
dant  sunlight  on  almost  every  side  of  the  tree  throughout  the  day. 

CLADONIA  CHLOROPHAEA  HABITAT 
(Location  #13) 

On  the  north  side  of  Rocky  Branch  a  shaded  and  sparsely  vegetated 
south-facing  slope  was  selected  as  the  typical  habitat  for  Cladonia 
chlorophaea,  one  of  the  pyxie-cup  lichens.  The  light  meter  readings 
indicate  a  shaded  condition  in  the  summer  with  considerable  sunlight 
available  in  the  winter.  The  forest  floor  of  this  habitat  is  quite  open 
and  rather  sparsely  vegetated.  Associated  plants  include  mosses  (Ditri¬ 
chum  pallidum  (Hedw.)  Hampe,  Atrichum  angustatum  (Brid.)  Bry.  Eur.,  Bryum 
caespiticium  Hedw.),  two  grasses  (Panicum  dichotomum  L.,  Panicum  micro- 
carpon  Muhl . )  and  herbaceous  composites  (Solidago  nemoralis  Ait., 

Erigeron  pulchellus  Michx.).  Additional  lichen  species  found  in  this 
habitat  are  Cladonia  cristatella,  C.  polycarpoides ,  and  C.  conoicraea. 

In  this  shaded  habitat  Cladonia  cristatella  occurs  very  sparsely  in 
contrast  to  the  dense  growth  of  it  observed  in  the  nearby  open  upland 
field.  (Location  #11). 

Cladonia  chlorophaea  is  found  throughout  Rocky  Branch  on  a  variety  of 
substrates  and  in  association  with  a  number  of  other  lichens,  with  Cladonia 
furcata,  a  soil-inhabiting  species,  a  common  associate  in  many  locations, 
and  it  is  undoubtedly  the  most  common  species  of  Cladonia  in  the  preserve. 
Cladonia  chlorophaea  occurs  with  the  greatest  frequency  on  soil  in  shaded 
locations,  disappearing  gradually  as  it  spreads  outward  into  exposed  areas. 
When  this  lichen  occurs  on  sandstone  or  on  the  basal  portion  of  tree  trunks, 
however,  usually  only  a  few  of  the  cup-shaped  podetia  are  present. 

PARMELIA  HYPOPSILA  HABITAT 
(Location  #14) 

Found  on  only  one  large  sandstone  outcropping  in  Rocky  Branch  is  a 
colony,  approximately  one  meter  square,  of  Parmelia  hypopsila,  with  its 
yellowish  foliose  thallus  and  numerous  brown  apothecia.  This  conspicious 
lichen  has  not  been  observed  elsewhere  in  this  portion  of  Illinois.  The 
light  meter  readings  show  this  location  is  exposed  to  nearly  maximum  sun¬ 
light  all  day,  although  a  few  trees  of  Sassafras  albidum  (Nutt.)  Nees, 
Quercus  imbr icaria  Michx.,  and  Quercus  velutina  Lam.  border  the  outcropping. 
Additional  lichens  growing  on  the  same  rock  outcropping  with  Parmelia 
hypopsila  are  Physcia  orbicularis,  Cladonia  chlorophaea,  C.  coniocraea, 
Bacidia  trachona,  and  Acrospora  fuscata.  Associated  bryophytes  growing 
on  this  rock  are  Platygyrium  repens  (Brid.)  Bry.  Eur.,  Atrichum  angustatum 
(Brid.)  Bry.  Eur.,  and  Cephalozia  media  Lindb. 
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LIST  OF  LICHENS  COLLECTED 


The  seventy-one  lichens  collected  at  Rocky  Branch  Nature  Preserve 
in  Clark  County  are  recorded  without  indicating  the  specific  location. 

Some  additional  collections  of  these  species,  primarily  from  Coles  County, 
are  also  given. 

Acarospora  fuscata  (Schrad.)  Arn.  Clark  Co.:  March  6,  1975.  Coles 

County:  3  miles  east  of  Charleston,  March  13,  1975.  On  sandstone. 

Arthonia  caesia  (Flot.)  Korb.  Clark  Co.:  July  24,  1970;  Coles  County: 

on  Carpinus ,  Carya  and  other  tree  species. 

Bacidia  schweinitzii  (Tuck.)  Schneid.  Clark  Co:  Nov.  26,  1973. 

Coles  Co.:  Fox  Ridge  State  Park,  Feb.  14,  1974.  On  tree  bark 
Baeomyces  absolutus  Tuck.  Clark  Co.:  Aug.  20,  1970.  On  sandstone. 

Bacidia  trachona  (Ach.)  Lett.  Clark  Co.:  April  12,  1970.  On  sandstone. 
Buellia  polyspora  (Will.)  Vain.  Clark  Co.:  On  Rhus ,  March  6,  1975.  Coles 
Co.:  Lincoln  Log  Cabin  State  Park,  Sept.,  1973.  Collected  by 
R.  Valentino.  On  tree  bark. 

Caloplaca  cerina  (Ehrh.)  T.  Fries.  Clark  Co.:  April  11,  1970.  Rocky 
Hollow,  June  17,  1969.  On  concrete  and  rocks. 

Candelaria  concolor  (Dicks.)  Stein.  Clark  Co.:  July  24,  1970;  Coles 
Co.:  Lakeview  Park,  Nov.,  1968.  On  tree  bark. 

Candelaria  concolor  (Dicks.)  Stein  var.  ef fusa  (Tuck.)  Merrill  and 

Burnh.  Clark  Co.:  July  24,  1970.  Coles  Co.:  Near  E.I.U.  Campus, 
Sept.,  1973.  On  tree  bark. 

Cladina  subtenuis  (Abb.)  Hale  &  W.  Culb.  Clark  Co.:  July  24,  1970. 

Rocky  Hollow,  June  17,  1969.  On  soil. 

Cladonia  bacillaris  (Ach.)  Nyl.  Clark  Co.:  Oct.  17,  1970.  On  old  wood. 
Cladonia  caespiticia  (Pers.)  Flk.  Coles  Co.:  Lakeview  Park,  March, 

1969.  Clark  Co.:  July  16,  1970.  On  soil. 

Cladonia  capitata  (Michx.)  Spreng.  Clark  Co.:  July  24,  1970.  Coles 
Co.:  Lakeview  Park,  Nov.,  1969.  On  soil. 

Cladonia  chlorophaea  (Flk.)  Spreng.  Clark  Co.:  July  16,  1970.  Coles 
Co.:  Lakeview  Park,  March  1,  1969.  On  soil.  (Note:  no  attempt 
was  made  to  differentiate  the  chemical  variants  of  this  lichen.) 
Cladonia  coniocraea  (Flk.)  Spreng.  Clark  Co.:  July  24,  1970.  Coles 
Co.:  Walker's  Ford  Road,  Sept.,  1973.  Collected  by  R.  Valentino. 

On  soil,  wood,  and  sandstone. 

Cladonia  conista  (Ach.)  Robb.  Clark  Co.:  Dec.  6,  1969.  On  soil. 

Cladonia  cristatella  Tuck.  Clark  Co.:  July  16,  1970.  Coles  Co.: 

Lakeview  Park,  Nov.,  1969.  On  soil  and  wood. 

Cladonia  cylindrica  (Evans .)  Evans .  Clark  Co.:  Date  of  collection  not 
recorded.  On  sandstone.  Coles  Co.:  3  miles  east  of  Charleston, 
March  13,  1975.  On  granite  boulder. 

Cladonia  furcata  (Huds.*)  Schrad.  Clark  Co.:  July  24,  1970.  Rocky 
Hollow,  June  16,  1969.  Coles  Co.:  Lakeview  Park,  Nov.  1968. 

On  soil. 

Cladonia  piedmontensis  Merr.  Clark  Co.:  July  16,  1970.  Coles  Co.: 

Lincoln  Log  Cabin  Park,  Sept.  24,  1974.  On  soil. 

Cladonia  pleurota  (Flk.)  Schaer.  Clark  Co.:  July  16,  1970.  Rocky  Hollow, 
June  17,  1969.  On  soil.  Apparently  very  rare. 

Cladonia  polycarpoides  Nyl.  Clark  Co.:  July  16,  1970.  Rocky  Hollow, 

June  17,  1969.  Coles  Co.:  Lakeview  Park,  March  1,  1969.  On  soil. 
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Cladonia  verticillata  (Hoffm.)  Schaer.  Clark  Co.:  Dec.  6,  1969; 

July  16,  1970.  Coles  Co.:  Lincoln  Log  Cabin  State  Park.  Sept., 

1973.  On  soil.  Very  rare  in  both  locations. 

Cyphelium  tigillare  Ach.  Clark  Co.:  July  16,  1970.  On  dead  limb  of 
Quercus .  Coles  Co.:  2  miles  east  of  Charleston,  Jan.  15,  1970. 

On  fence  post. 

Dermatocarpon  miniatum  (L.)  Mann.  Clark  Co.:  Sept.  7,  1970.  Effingham 
Co.:  Rattlesnake  Hollow,  Aug.  15,  1969.  Coles  Co.:  The  Rocks, 

Sept.  30,  1970.  Collected  by  A.  Parker.  On  sandstone  cliffs. 

Endocarpon  pusillim  Hedw.  Clark  Co.:  March  6,  1975.  On  concrete  well¬ 
covering. 

Graphis  scripta  (L.)  Ach.  Clark  Co.:  Nov.  1,  1970.  Coles  Co.:  Nov., 

1969.  On  Carpinus,  Fagus,  Carya,  and  other  trees. 

Heterodermia  obscurata  (Nyl.)  Trev.  Clark  Co.:  July  24,  1970.  Coles  Co.: 
Walker's  Ford  Road,  South  of  Charleston,  Sept.,  1973.  Collected  by 
R.  Valentino.  On  tree  bark. 

Heterodermia  pseudospeciosa  (Kurok.)  W.  Culb.  Clark  Co.:  Oct.  17,  1970; 
Coles  Co.:  Walker's  Ford  Road  south  of  Charleston,  Sept.,  1973. 

Collected  by  R.  Valentino. 

Lecanora  chlarotera  Nyl.  Clark  Co.:  Nov.  1,  1970.  On  tree  bark. 

Lecanora  conizaea  (Ach.)  Nyl.  Clark  Co.:  Octo.  17,  1970.  On  Quercus . 
Lecanora  dispersa  (Pers.)  Somm.  Clark  Co.:  July  16,  1970.  Coles  Co.: 

Lakeview  Park,  Jan.  18.  On  limestone  rocks  and  concrete. 

Lecidea  albocaerulescens  (Wulf.)  Ach.  Clark  Co.:  April  12,  1970.  On 
sandstone . 

Lecidia  crytidia  Tuck.  Clark  Co.:  July  2,  1970.  On  sandstone. 

Lepraria  aeruginosa  (Wigg.)  Sm.  Clark  Co.:  July  24,  1970.  On  bark  and 
sandstone . 

Leptogium  cyanescens  (Ach.)  Korb.  Clark  Co.:  May  22,  1971;  Oct.  21,  1974. 

On  Nyssa  and  Quercus . 

Mycocalicium  albonigrum  (Nyl.)  Fink.  Clark  Co.:  July  2,  1970.  On  Carpinus 
associated  with  Arthonia  caesia.  Collected  only  once. 

Parmelia  aurulenta  Tuck.  Clark  Co.:  July  16,  1970.  Coles  Co.:  Lakeview 
Park,  Oct.  3,  1974.  On  bark. 

Parmelia  bolliana  Mull.  Arg.  Clark  Co.:  July  16,  1970.  Coles  Co.:  4 
miles  south  of  Charleston,  Feb.  26,  1975.  On  Carya  and  other  tree 
bark. 

Parmelia  caperata  (L.)  Ach.  Clark  Co.  July  16,  1970.  Coles  Co.:  Lin¬ 
coln  Log  Cabin  State  Park,  Sept.,  1973.  Collected  by  R.  Valentino. 

On  Quercus  and  other  trees. 

Parmelia  hypopsila  Mull,  Arg.  Clark  Co.:  July  16,  1970.  On  sandstone. 

Rare. 

Parmelia  hypotropa  Nyl.  Clark  Co.:  July  12,  1971.  Coles  Co.:  Near  Lake 
Charleston,  Feb.  17,  1974.  Collected  by  M.  Zaloudek.  On  tree  bark. 
Parmelia  livida  Tayl.  Clark  Co.:  Oct.  12,  1974.  Collected  by  Christine 
Wheeler.  On  tree  bark.  Coles  Co.:  On  Gleditsia  on  E.I.U.  Golf 
Course . 

Parmelia  reticulata  Tayl.  Clark  Co.:  Oct.  12,  1974.  Collected  by 
Cynthia  Gill.  On  tree  bark.  Jan.  2,  1975.  On  rock. 

Parmelia  rudecta.  Ach.  Clark  Co.:  July  24,  1970.  Rocky  Hollow,  June  17, 
1969.  Coles  Co.,  Lakeview  Park,  Nov.  1969.  On  tree  bark. 

Parmelia  saxatilis  (L.)  Ach.  Clark  Co.:  Mar.  6,  1975.  On  Quercus .  Collected 
only  once. 


Ill 


Parmelia  subaurif era  Nyl . 

Collected  only  once. 
Parmelia  subtinctoria  Zahlbr. 


Clark  Co.:  Jan.  2,  1975.  On  fallen  branch. 
Clark  Co.:  July  16,  1970.  On  Quercus. 


Collected  only  once. 

Peltigera  canina  (L.)  Willd.  Clark  Co.:  July  24,  1970.  Rocky  Hollow, 
June  17,  1969.  Coles  Co.:  Lakeview  Park,  Sep.  1973.  Collected 
by  R.  Valentino.  On  soil  and  over  mosses. 

Physcia  aipolia  (Ehrh.)  Hampe.  Clark  Co.:  March  6,  1975.  On  tree  bark. 
Physcia  millegrana  Degel.  Clark  Co.:  July  24,  1970.  Rocky  Hollow,  June 
17,  1969.  On  tree  bark.  Coles  Co.:  Shiloh  Cemetery,  Feb.  26,  1975. 
On  sandstone  tombstone. 

Physcia  orbicularis  (Neck.)  Poetsch.  Clark  Co.:  July  16,  1970;  Coles  Co. 

West  edge  of  Charleston,  Dec.  11,  1973.  On  tree  bark. 

Physcia  orbicularis  (Neck.)  Poetsch.  f.  albociliata  (Bouly  de  Lesd.) 

Thoms.  Clark  Co.:  July  16,  1970.  On  concrete  abutment.  Coles  Co.: 
Shiloh  Cemetery,  Feb.  26,  1975.  On  marble  tombstone. 

Physcia  orbicularis  (Neck.)  Poetsch.  f.  rubropulchra  Degel.  Clark  Co.: 

July  16,  1970.  Coles  Co.:  Lakeview  Park,  Dec.  11,  1973.  Collected 
by  R.  Valentino.  On  tree  bark. 

Physcia  stellaris  (L.)  Nyl.  Clark  Co.:  July  16,  1970.  Coles  Co.:  Lake- 
view  park,  Nov.,  1969.  On  tree  bark. 

Physcia  tribacoides  Nyl.  Clark  Co.:  July  24,  1970.  Coles  Co.:  Lakeview 
Park,  March  11,  1971.  On  tree  bark. 

Physconia  grisea  (Lam.)  Poelt.  Clark  Co.:  Sep.  25,  1974.  On  Quercus . 
Coles  Co.:  west  edge  of  Charleston,  Feb.  26,  1975.  On  Ulmus . 

Shiloh  Cemetery,  Feb.  26,  1975.  On  marble  tombstone. 

Pertusaria  mul tipuncta  (Turn.)  Nyl.  Clark  Co.:  July  24,  1970.  On 
tree  bark. 

Pertusaria  xanthodes  Mull.  Clark  Co.:  July  16,  1970.  Rocky  Hollow, 

June  17,  1969.  Coles  Co.:  Lakeview  Park,  Nov.,  1968.  On  Carya . 
Pertusaria  velata  (Turn.)  Nyl.  Clark  Co.:  May  22,  1971.  On  tree  bark. 
Pyrenula  nitida  (Weig.)  Ach.  Clark  Co.:  Oct.  21,  1974.  On  bark.  Coles 
Co.:  Fox  Ridge  State  Park,  Oct.  9,  1973.  On  bark. 

Pyxine  caesiopruniosa  (Nyl.)  Imsh.  Clark  Co.:  July  21,  1970.  Coles  Co. 

Near  Lincoln  Log  Cabin  State  Park,  Sept.  1973. 

Pyxine  sorediata  (Ach.)  Mont.  Clark  Co.:  Oct.  21,  1974.  On  tree  bark. 

Coles  Co.:  Lakeview  Park,  Octo.  3,  1974.  On  Quercus . 

Racodium  rupestre  Pers.  Clark  Co.:  July  2,  1970.  On  sandstone  cliff, 
associated  with  Lepraria  aeruginosa. 

Rinodina  milliaria  Tuck.  Clark  Co.:  July  16,  1970. 

Cemetery,  Feb.  20,  1975.  On  tree  bark. 

Rinodina  ocellata  (Hoffm.)  Arn.  Clark  Co.:  Apr.  3, 

Sarcogyne  clavus  (Ram.)  Kremp .  Clark  Co.:  July  16, 

Trapelia  coarctata  (Turn  ex  Sm.)  Choisy.  Coles  Co.: 

Charleston,  March  13,  1975.  On  sandstone. 

Trypethelium  virens  Tuck.  Clark  Co.:  July  9,  1970. 


Coles  Co . :  Shiloh 

1967.  On  sandstone. 
1970.  On  sandstone. 
3  miles  east  of 


On  Carpinus  and 
Clark  Co.:  Apr.  11,  1971.  On  concrete 


Fagus . 

Verrucaria  rupestris  Schrad. 
well-covering. 

Xanthoria  fallax  (Hepp.)  Arn.  Clark  Co.:  March  6,  1975.  On  shingles 
of  deserted  house.  Coles  Co.:  West  edge  of  Charleston,  July  15, 
1971.  On  tree  bark. 


The  following  list  records  22  species  collected  in  Coles  County  or 

in  areas  of  Clark  County  other  than  Rocky  Branch  Nature  Preserve.  It  is 

possible  that  future  collections  of  lichens  from  Rocky  Branch  may  reveal 

the  presence  of  many  of  these  species. 

Arthothelium  distendens  (Nyl.)  Mull.  Arg.  Coles  Co.:  Fox  Ridge  State 
Park,  Feb.  14,  1974.  On  tree  bark. 

Bacidia  umbrina  (Ach.)  Bausch.  Coles  Co.:  Shiloh  Cemetery,  May  14,  1975. 
Collected  by  Randy  Nyboer.  On  marble  tombstone. 

Buellia  punctata  (Hoffm.)  Mass.  Coles  Co.:  Jan.  16,  1969.  On  dead  wood. 

Caloplaca  holocarpa  (Hoffm.)  Wade.  Coles  Co.:  Walker's  Ford  Road  south 
of  Charleston,  Feb.  26,  1975.  On  concrete  bridge.  April  4,  1975. 

On  tree  stump. 

Caloplaca  microphyllina  (Tuck.)  Hasse.  Clark  Co.:  NE  of  Clarksville, 

March  6,  1975.  Coles  Co.:  Walker's  Ford  Road  south  of  Charleston, 

Feb.  26,  1975.  On  fence  posts. 

Catillaria  chalybeia  (Borr.)  Mass.  Clark  Co.:  Rocky  Hollow,  June  17, 

1969.  On  sandstone. 

Cladonia  apodocarpa  Robb.  Coles  Co.:  Lakeview  Park,  Feb.  26,  1975.  On 
soil . 

Lecanora  hageni  (Ach.)  Ach.  Coles  Co.:  Walker's  Ford  Road  south  of  Char¬ 
leston,  Apr.  4,  1975.  On  stump. 

Lecidea  cyrtidia  Tuck.  Coles  Co.:  Lakeview  Park,  Mar.  20,  1974.  Collected 
by  M.  Zaloudek.  On  rock. 

Leptogium  lichenoides  (L.)  Zahlbr.  Coles  Co.:  The  Rocks,  Sept.  25,  1973. 
Growing  over  sandstone  outcropping  with  mosses. 

Leptogium  tenuissimum  (Dicks.)  Fr.  Coles  Co.:  The  Rocks,  Sep.  24,  1973. 
Growing  over  sandstone  outcropping  with  mosses. 

Parmelia  crozalsiana  B.  de  Lesd.  ex  Harm.  Clark  Co.:  North  of  Clarksville, 
March  6,  1975.  On  Quercus .  Coles  Co.:  3  miles  east  of  Charleston, 
Feb.  13,  1975.  On  Juglans . 

Parmelia  cumberlandia  (Gyeln.)  Hale.  Coles  Co.:  5  miles  SE  of  Charleston, 
Sep.  24,  1974.  Collected  by  D.  Robb.  On  sandstone  rock. 

Parmelia  galbina  Ach.  Coles  Co.:  Walker's  Ford  Road  south  of  Charleston, 
Apr.  4,  1975.  On  Quercus. 

Parmelia  subrudecta  Nyl.  Clark  Co.:  Clarksville  Road,  March  6,  1975. 

On  Celtis . 

Peltigera  praetextata  (Florke  ex  Somm.)  Vain.  Coles  Co.:  Fox  Ridge 
State  Park,  Aug.  1,  1973.  On  soil. 

Physcia  adscendens  (Th.  Fr.)  Oliv.  Coles  Co.:  Shiloh  Cemetery.  Feb.  26, 
1975.  On  marble  tombstone. 

Physcia  endococcinea  (Korb)  Th.Fr,.  Coles  Co.:  Shiloh  Cemetery.  Feb.  26, 
1975.  On  marble  tombstone. 

Physciopsis  elaeina  (Sm.)  Poelt.  Coles  Co.:  West  edge  of  Charleston,  Feb. 
26,  1975.  On  Ulmus . 

Physciopsis  syncolla  (Tuck,  ex  Nyl.)  Poelt.  Coles  Co.:  West  edge  of 
Charleston.  On  Ulmus . 

Rhizocaron  dis tine turn  Th.  Fr  .  Coles  Co.:  5  miles  east  of  Charleston,  March 
13,  1975.  On  sandstone. 

Verrucaria  aethiobola  Wahlenb.  ex.  Ach.  Coles  Co.:  Near  Lake  Charleston, 
Feb.  17,  1974.  Collected  by  M.  Zaloudek.  On  rock. 


LITERATURE  CITED 


Arzeni,  C.  B.  1947.  Some  bryophytes  of  Coles  and  Clark  Counties. 

Trans.  Ill.  St.  Acad.  Sci.  40:44-49. 

Brendel,  F.  1887.  Flora  Peoriana.  Peoria,  Ill.  89  pp. 

Brizuela,  F.,  and  G.  Guzman.  1971.  Estudios  sorbre  los  liquenes  de 
Mexico,  II.  Bol.  Soc.  Mex.  Mic .  5:79-103. 

Brodo,  I.  M.  1968.  The  lichens  of  Long  Island,  New  York;  a  vegetational 
and  floristic  analysis.  New  York  State  Mus.  and  Sci.  Serv.  Bull. 
410:1-330. 

Ebinger,  J.  E.,  and  G.  A.  Hellinga.  1970.  Additions  to  the  flora  of 
Clark  Co.  Illinois,  from  the  Rocky  branch  Nature  Preserve. 

Trans.  Ill.  St.  Acad.  Sci.  63:392-396. 

Ebinger,  J.  E.  and  H.  M.  Parker.  1969.  Vegetation  survey  of  an  oak- 
hickory-maple  forest  in  Clark  County,  Illinois.  Trans.  Ill.  St. 

Acad.  Sci.  62:379-387. 

Fink,  B.  1935.  The  lichen  flora  of  the  United  States.  Ann  Arbor,  Mich. 
426  pp. 

Hughes,  J.  T. ,  and  J.  E.  Ebinger.  1973.  Woody  vegetation  survey  of 
Rocky  Branch  Nature  Preserve,  Clark  County,  Illinois.  Trans. 

Ill.  St.  Acad.  Sci.  66:44-54. 

Johnson,  G.  T.  1959.  The  Trypetheliaceae  of  Mississippi.  Mycologia 
51:741-750. 

Skorepa,  A.  C.  1973.  Taxonomic  and  ecological  studies  on  the  lichens 

of  southern  Illinois.  Ph.  D.  Thesis  Univ.  of  Tenn.  Univ.  Microfilms 
Publ .  73-72,749.  248  pp . 

Stover,  E.  L.  1930.  A  mesophytic  ravine,  "Rocky  Branch"  a  floristic 

account.  Teacher  College  Bull.  (Eastern  Ill.  State  Teachers  College) 

110:26  pp . 

Vaughan.  H.  R.  1941.  Bryophytes  of  Rocky  Branch  region  of  Clark  County. 
Illinois  Trans.  Ill.  St.  Acad.  Sci.  34:96-97. 

Willey,  H.  1877.  Illinois  lichens.  Bot.  Gaz.  2:77-79. 

Wolf,  J.  and  E.  Hall.  1878.  A  list  of  the  mosses,  liverworts,  and 

lichens  of  Illinois.  Bull.  Ill.  State  Lab.  Nat.  Hist.  1:18-37. 


FIGURE  I 


MAP  OF  THE  WESTERN  PORTION 
OF 

ROCKY  BRANCH  NATURE  PRESERVE 


ftOCK/ 


LIGHT  INTENSITY  READINGS 


cu 

• 

T3  - 

g  * 

CO  d 

X  d 

Cu  O 

CO  CO 

O 

s_ ✓ 

o  in 

co  r-' 

o  o 

•  •  V-/ 

t"-  NO 

CO 

i — l  vO 

* 

<u 

T3  /-n 

r— 1 

+ 

co  d 

d  o 

X  d 

o  o 

CO  CO 

NO 

o  o 

N _ '  V — ' 

H 

d  « 
o 

O  O 

cu 

CM  1 

m  m 

d 

d 

•o 

r—1  N- — S 

co  oo 

o  o 
co  m 
.  •  in 

oo  ^ 


o 

r— ( 

CN 


g 

a 

o 

CO 

CO 


r* 

o 

r^- 


o 

o 


ON 


CO 

CN 


d 

o 

o 

d 

CN 


O 

o 

o 

m 


o 

o 

m 


o 

m 


o 


d 

o 

•r-l 

4-1 

CO 

CJ 

o 

X 


X 

s 

/-N 

4-4 

4-4 

4-4 

S-i 

4-1 

d 

CO 

o 

CO 

o 

CU 

d 

CO 

co 

£ 

* — ' 

CU 

' — ✓ 

V 

o 

o 

o 

o 

oo 

m 

o 

o 

o 

o 

O 

o 

o 

O 

m 

CO 

m 

oo 

CN 

vO 

NO 

m 

r— 1 

VO 

N) 

r— 1 

f 

r— ! 

»— 1 

in 

/*"N 

£ 

S' 

/— s 

X 

4-4 

4-1 

4J 

4-4 

CO 

u 

CO 

d 

cu 

o 

CO 

o 

d 

CU 

CO 

v _ ' 

V— ^ 

o 

o 

o 

o 

i£> 

o 

o 

o 

o 

O 

o 

o 

o 

CN 

CO 

CO 

in 

r- 

00 

T“ 1 

r— 1 

T— 1 

r"» 

co 

r— 1 

CO 

X 

X 

4-4 

4-4 

4-) 

4-1 

d 

CO 

d 

CO 

o 

CU 

O 

CO 

CO 

s 

d 

(U 

' — / 

o 

o 

o 

o 

CO 

o 

o 

o 

o 

o 

O 

o 

o 

in 

CN 

in 

o 

o 

NO 

in 

00 

m 

o 

r— 1 

r— 1 

CN 

m 

co 

vO 

CN 

CN 

CN 

✓ — -y 

X 

X 

z~, 

4-1 

4-1 

4J 

4-4 

U 

CO 

d 

CO 

o 

CO 

o 

CU 

d 

(U 

CO 

£ 

w 

o 

O 

o 

o 

o 

o 

o 

O 

o 

O 

o 

O 

o 

m 

CO 

r^~ 

CN 

m 

CN 

T— 1 

CN 

r» 

NO 

CO 

NO 

NO 

<t 

- N 

X 

X 

4-J 

4-4 

u 

CO 

d 

4-4 

}-l 

CO 

o 

CO 

o 

(U 

CO 

CU 

d 

v— ' 

* — / 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

1 — I 

o 

i — 1 

i — i 

m 

o 

CO 

in 

o 

o 

CO 

r— 1 

CN 

<f 

<1- 

CO 

NO 

X 

/-v 

X 

4-1 

4-4 

4-1 

4-1 

}-l 

CO 

d 

co 

o 

CO 

o 

CU 

d 

(U 

co 

w 

o 

o 

O 

o 

o 

o 

o 

O 

o 

o 

NO 

00 

CN 

CN 

»-— 4 

CO 

co 

CN 

<t 

CO 

CN 

CN 

CO 

4-1 

CO 

CO 

4-4 

d 

CJ 

<U 

CU 

D- 

nd 

CO 

cu 

CJ 

>-4 

• 

• 

CN 

co 

in 

vO 

r-'- 

P-i 

116 


*  Control  readings  taken  in  full  sunshine. 
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Control  readings  taken  in  full  sunshine. 
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SELECTIVE  FEEDING  OF  THE  SCULPIN,  COTTUS  BAIRDI  GIRARD, 

IN  ILLINOIS 

Richard  V.  Anderson 
Dept,  of  Biological  Sciences 
Northern  Illinois  University 
DeKalb ,  Illinois  60115 

ABSTRACT 

The  major  food  item  of  C  o  1 1  us  b  a i r  d i  in  Rob 
Roy  Creek,  Kendall  Co.,  Ill.  is  Ase llus 
militaris .  This  indicates  some  selectivity  of 
food  since  A.  militaris  has  a  low  relative 
density  in  the  habitat.  The  sculpin  tended  to 
be  associated  with  large  clumps  of  algae  where 
its  food  was  found. 

INTRODUCTION 

C  o  1 1  us  b  air di  is  typically  considered  a  northern  fish 
associated  with  relatively  clean,  clear,  cold  water  streams. 

In  Illinois  C_.  b  ai  r  d  i  has  been  reported  only  sporatically 
from  colder  spring  fed  streams  in  the  northeast  (Smith,  1965). 
The  selective  feeding  behavior  of  a  small  population  of  the 
sculpin  is  investigated. 

METHODS  AND  MATERIALS 

The  population  studied  was  from  Rob  Roy  Creek,  located  at 
the  northcentral  edge  of  Kendall  County.  The  area  collected 
was  a  section  of  the  creek  4.8  miles  south  of  Sugar  Grove, 
Ill.,  which  parallels  Illinois  Route  47.  C^.  b  airdi  were  taken 

by  a  6  foot  minnow  seine,  in  riffle-rapid  areas  having  rock, 
gravel  bottoms  and  around  mid  channel  clumps  of  algae 
predominantly  consisting  of  C  h  a  r  a ,  with  some  C  ladophor a 
present.  Batrachospermum  was  also  present  at  the  base  of  the 
clumps.  38  sculpin  were  collected  on  Nov.  22,  1974  from 

5:30-6:30  a.m.,  which  appeared  to  be  their  previously  deter¬ 
mined  peak  feeding  time.  Stomachs  were  injected  and  the  fish 
preserved  in  10%  formalin.  Surber  net  samples  of  the  benthic 
ma cr o i n ve r t eb r a t e s  from  the  habitat  were  collected  and 
identified,  counted,  and  the  volumes  of  each  taxa  determined 
using  the  water  replacement  method  (Hunt,  1960).  Sculpin 
stomach  contents  were  separated,  identified,  counted  and  the 
volumes  determined  for  each  taxa  using  the  volume  of  that  taxa 
found  in  the  habitat. 
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Figure  1.  Relationship  of  number  (number  following 

frequency  bar),  frequency  of  occurrence  in  stomachs, 
and  volume  of  invertebrates  found  in  the  stomachs  of 
38  sculpin  from  Rob  Roy  Creek.  Number  in  parenthesis 
is  the  relative  density  of  that  taxa  in  the  habitat. 
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RESULTS 


The  dominant  food  item  found  in  the  stomachs  of  C^.  b  ai  r  d  i 
(Figure  1)  was  the  aquatic  sowbug ,  Ase 1 lus  mi li tar is .  This 
isopod  was  dominant  both  numerically  and  by  volume  which  is 
noteworthy  since  the  isopod  is  not  the  most  abundant  inverte¬ 
brate  found  at  the  sampling  site,  its  relative  density  was 
only  0.008.  The  most  abundant  potential  food  items  were 
Dipteran  larvae  of  the  family  Ch ir onomidae .  Three  genera 
were  collected,  Procladius ,  Ab labesmy ia ,  and  Chironomus , 
together  they  have  a  relative  density  of  0.638.  Although 
they  occur  frequently  in  the  stomachs  and  are  numerically 
abundant,  by  volume  they  compose  less  than  2.5%  of  all  food 
items.  Similarly,  Trichoptera  the  second  most  abundant  group 
in  the  habitat,  relative  density  of  0.075,  composed  a  very 
small  percentage  of  the  food  items  both  by  volume  and  numeric¬ 
ally.  A  considerable  amount  of  algal  material  was  found  in 
the  st  oma  ch  s . 


DISCUSSION 


If  the  selective  preference  for  A.  militaris  is  examined 
in  view  of  the  microhabitat  of  the  food  species  some  possible 
relationships  can  be  determined.  The  isopod  preforms  the 
mechanical  function  of  braking  up  dead  and  decaying  vegetable 
matter  and  as  such  is  commonly  found  in  or  very  near  the 
substrate  surface.  The  isopods  in  this  creek  were  found 
around  the  base  of  algae  clumps  as  were  sculpin.  Most  of  the 
algal  material  in  the  sculpin  stomachs  was  Batrachospermum 
which  was  the  form  that  was  found  at  the  base  of  the  algal 
clumps.  When  the  sculpin  consumes  its  food  it  takes  in  a 
considerable  amount  of  this  soft  filamentous  algae.  When 
the  contents  of  the  short  intestine  of  the  sculpin  was 
examined  a  large  amount  of  algal  material  and  a  few  scleri- 
tized  shields  from  invertebrate  segments  or  heads  were  found 
but  no  whole  invertebrates.  The  algal  material  was  not  being 
digested.  It  is  possible  that  the  Chironomids  were  also 
selectively  fed  upon  since  whenever  they  were  numerically 
abundant  in  a  stomach  few  or  none  of  the  Asellus  were  found. 
Both  Chironomids  and  T r i ch op t e r an s ,  when  abundant,  were 
usually  in  smaller  sculpin.  This  selectivity  is  not  generally 
reported  by  other  investigators  (Koster,  1937;  Bailey,  1952; 
Dineen,  1951;  and  Zarbock,  1951),  neither  do  they  indicate 
the  presence  of  significant  amounts  of  algal  material  in  the 
stomachs.  Thus,  this  may  be  an  adaptive  characteristic  of 
this  population  for  this  particular  environment. 
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A  COMPUTER  SIMULATION  OF  LIQUID  NEON  AT  35°  K 

G.  J.  Clark  and  Shih  Chen 
Department  of  Chemistry 
Illinois  State  University 
Normal,  Illinois  61761 


Abstract--The  radial  distribution  function  (RDF)  and 
pressure  of  liquid  Ne^0  were  the  objectives  of  a  com¬ 
puter  simulation  using  the  method  of  molecular  dynam¬ 
ics.  Modifications  of  purely  classical  simulations 
were  introduced  in  order  to  correct  for  the  semi- 
classical  behavior  of  the  fluid.  While  computed 
results  indicate  good  agreement  for  the  radial  dis¬ 
tribution  function,  the  calculated  pressures  demon¬ 
strated  the  sensitivity  of  this  property  to  very 
specific  details  of  the  pair  potential  function. 


INTRODUCTION 


We  report  results  of  computer  experiments  on  a  system  of  500  particles 
interacting  by  a  Lennard-Jones  6-12  potential  under  conditions  which  repre¬ 
sent  the  Ne^O  isotope  at  35°K  and  a  density  corresponding  to  the  liquid  in 
equilibrium  with  its  vapor.  While  computer  studies  have  been  published  for 
argon  (Rahman,  1964;  Verlet,  1967,  1968),  there  appear  to  be  none  for  neon. 
This  is  in  part  due  to  the  nature  of  the  Lennard-Jones  potential  when  ex¬ 
pressed  in  dimensionless  variables:  specific  molecular  parameters  no  longer 
appear  in  the  energy  or  force  relationships,  thus  implying  corresponding 
states  in  terms  of  reduced  temperature  and  density.  There  are  differences 
with  Ne,  however,  as  the  thermal  de  Broglie  wavelength  of  atoms  at  35°  K 
suggest  the  possibility  for  quantum  effects.  Furthermore,  this  study  corres¬ 
ponds  to  conditions  for  which  reliable  neutron  scattering  data  is  available 
(de  Graaf  and  Mozer,  1971) 5  while  there  have  been  no  reports  of  a  computer 
experiment  on  Ar  under  the  same  reduced  conditions. 

The  present  work  uses  the  method  of  molecular  dynamics  to  obtain  the 
Ne  RDF.  Pressure  is  then  calculated  from  the  RDF  by  use  of  the  virial 
theorem  (Hirschfelder  et  al.,  1954,  p.  134).  Quantum  effects  may  arise 
from  three  sources:  exchange  (identical  particles),  diffraction,  and  zero 
point  motion.  Exchange  forces  have  been  shown  to  be  insignificant  at  the 
temperatures  and  density  of  this  study  (jaen  and  Khan,  1967);  furthermore, 
diffraction  effects  are  significant  only  when  the  thermal  de  Broglie  wave¬ 
length  , 


(1) 


X  =  hXSmkgT)! 

is  comparable  in  magnitude  to  atomic  dimensions  (Hirschf elder  et  al., 
1954,  p.  413) .  h  in  the  equation  is  Planck's  constant  (6.62  x  10_27  erg- 
sec),  m  is  the  particle  mass  in  grams,  kg  is  Boltzmann's  constant,  and 
T  is  the  Kelvin  temperature.  Since,  \  =  0.19  &  for  Ne  at  35°  K,  while 
its  atomic  "diameter"  is  2.75  diffraction  effects  are  also  not  a  major 
consideration.  Zero  point  motion  may  be  determined  by  means  of  Wigner's 
analysis  of  a  semi-classical  system  (Landau  and  Lifschitz,  1958,  pp. 
96-103).  He  showed  that,  to  order  h  ,  the  momentum  distribution  of  a 
semi-classical  system  remains  Maxwellan, 

dn(p)  =  (const )exp(-p2/2mkgTeff )4TTp2dp  (2) 

provided  that  the  thermodynamic  temperature  is  replaced  by  an  "effective 
temperature" , 


Teff  =  T  +  m  h2  <a2) 

36kB3T2 


(3) 


<  a  /  is  the  mean  square  acceleration  for  the  classical  system, 

<a2>  =1  I  (Vai) 

N  i=i 


w 


The  difference,  Teff  -  T,  amounts  to  about  5  degrees  in  Ne  at  35°  K.  Zero 
point  motion  thus  appears  to  be  the  most  significant  effect.  To  account 
for  this,  two  computer  runs  are  presented:  one  entirely  classical  at 
35°  K,  and  a  second  at  a  higher  temperature  (41.2°  K)  which  has  a  momentum 
distribution  corresponding  to  that  given  by  equations  (2)  and  (3).  The 
increase  in  average  speed  of  particles  of  the  system  also  changes  trajec¬ 
tories,  although  not  entirely  in  a  manner  which  would  correspond  to  that 
predicted  by  a  semi-classical  analysis  of  scattering. 


Another  consideration  is  the  change  of  pair  potential  due  to  the  low 
temperature.  There  are  several  approaches  to  this  problem,  the  most 
straightforward  being  that  of  Deutch  et  al.  (1966),  who  presented  a  semi- 
classical  pair  potential  in  the  simple  form: 

usc  =  ucl  +  £  V\l  (5) 


where  Usc  is  the  semi-classical  pair  potential  and  Ucl  is  the  classical 
Lennard-Jones  potential.  A  is  again  the  thermal  de  Broglie  wavelength. 

It  will  be  seen  that  such  a  consideration,  while  not  large  in  determining 
the  radial  distribution  function,  can  be  very  important  in  properties  re¬ 
lated  directly  to  the  force  law  derived  from  eq.  (5). 
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METHOD 


Detailed  descriptions  of  the  methods  used  for  computation  are  con¬ 
tained  in  articles  by  Rahman  (1964),  Verlet  (1967),  and  the  thesis  of 
Chen  (1974).  Essentially,  the  method  of  molecular  dynamics  involves 
computation  of  the  total  force,  ,  acting  upon  a  particle,  i,  due  to 
other  particles  in  the  system.  Then,  using  Newton's  law, 

\  =  F±/m  (6) 


the  acceleration  of  the  particle  is  numerically  integrated,  by  which  its 
trajectory  can  be  determined.  This  is  done  for  each  particle  in  the 
system  over  a  series  of  steps  which  correspond  to  the  time  evolution  of 
particle  motion.  The  force  is  derived  from  the  Lennard-Jones  potential 


uio  =  [(°"/ri912  -  (o-Ai/]  (7) 

where  r  - •  is  the  magnitude  of  the  distance  from  the  i^h  to  the  j^  par¬ 
ticle.  The  x-component  of  force  in  eq.  (6)  is  then 


?xi  -  V  H6_[ 2(0- Aij)12  -  (CT/rij)6] 


0=1 jN  r  2 


(8) 


and  £  are  for  Ne  2.75  $  and  4.9  x  lO"^  ergs,  respectively.  Similar 
expressions  are  obtained  for  the  y-  and  z- components.  Integration  of  eq. 

(6)  is  accomplished  by  the  formula  of  Verlet  (1967),  which  gives  the  posi¬ 
tion  of  a  particle  at  time  t+At,  knowing  its  position  at  times  t  and  t-At: 

x.  (t+At)  =  -x.  (t-At)  +  2x.  (t)  +  a  .  (t)  At2  (9) 

111  -A-l 

The  velocity  at  time  t  is  then 

vxi(t)  =  xi(t+ At)  -  x±(t-At)  (10) 

2  At 

Temperature  can  be  obtained  by  the  mean  square  momentum  derived  from  the 
distribution  of  eq.  (2): 

P2)  /2m  =  l^PrPj)  =  l£>(^i) 

N  i  N  i 

=  1  f p2dn(p)  =  3/2  Teff  (ll) 


12; 


Teff  =  <>2>  /3”*b 


(12) 


Thus , 


Since  the  calculation  of  the  interactions  between  every  pair  of  500  parti¬ 
cles  is  very  lengthy,  computation  was  restricted  to  pairs  of  particles 
with  distances  equal  to  or  less  than  2.5 CT.  Interactions  at  greater  dis¬ 
tances  have  been  shown  to  be  negligible  (Verlet,  1967).  For  convenience, 
reduced  dimensions  were  employed  by  taking  O'  as  a  unit  of  length,  £  as 
a  unit  of  energy,  and  as  a  unit  of  time.  The  computer  algorithm 

then  involved  locating  x,  y,  and  z  coordinates  for  500  particles  at  posi¬ 
tions  on  a  face-centered  cubic  lattice  in  a  cell  of  length  9.1330*  =  25.116 
&,  which  corresponds  to  a  density  of  1.0624  g/cm3.  The  atoms  were  given 
random  displacements  corresponding  to  a  Gaussian  velocity  distribution  with 
mean  square  of  about  35°  K.  Using  eq.  (10),  the  coordinates  were  moved  for 
about  450  steps  of  At  =  10"!^  sec.  The  temperature  of  the  system  was 
monitored  and  adjusted  by  multiplying  velocities  with  a  corrective  factor 
at  each  20th  step.  After  the  program  had  run  for  some  time  (about  7  hours 
on  an  IBM  360/50  computer),  the  system  was  considered  to  be  "equilibrated", 
and  the  next  400  steps  were  followed  without  further  velocity  adjustment. 
Positions  and  velocities  were  recorded  on  magnetic  tape  and  calculations 
of  the  radial  distribution  fuction  obtained  from  them.  The  radial  distri¬ 
bution  function  is  defined  as  the  ratio  of  the  bulk  density,  /^bulk*  to 
the  average  microscopic  local  density,  /O^(r),  at  a  distance  r: 


g(r) 


(13) 


This  average  is  taken  over  all  particles  in  the  system,  and  then  over  a 
large  number  of  configurations  in  time.  If  there  are  n^(r)  particles  which 
are  situated  at  a  distance  between  r  -  A  r/2  and  r  +  Ar/2  from  a  particle, 
i,  yO^(r)  is  then 

/\(r)  =  n.(r)  /UTT^Ar  (14) 

From  a  knowledge  of  g(r),  other  equilibrium  properties  may  be  determined. 
The  pressure,  for  instance,  is  given  by 

P  =  kgT  +  1  du(r)  g(r)47Tr2dr  (15) 


RESULTS 


The  temperature  and  total  energy  for  the  two  computer  runs  were  moni¬ 
tored  during  their  progress.  Averages  and  their  standard  deviations  are 
summarized  in  table  I. 


TABLE  I  -  Averages  Determined  from  the  Dynamics  of  the  Computer  Runs 


Average  Classical 
Temperature,  °K 


(eq.  12) 

34.8 

41.2 

Standard  Deviation,  °K 

0.5 

0.6 

Semi -Classical 

Temperature  (eq.  3) 

— 

37.0 

Average  Energy  per 

Particle,  Units 
of  € 

-2.80 

-2.52 

Standard  Deviation 
of  Energy,  Units 
of  £ 

2. 2x10" 3 

6.4x10 

Mean  Square  Acceleration 
per  Particle, 

Units  of  ( 

Vyyy<r) 

515. 

516. 

The  temperature  for  the  run  at  4l.2°  K  was  determined  iteratively  from 
values  of  the  mean  square  acceleration  at  early  states  of  the  run  by  eq. 
(3).  This  overestimated  the  Te~p  necessary  to  yield  a  thermodynamic 
temperature  of  35°.  However,  values  of  the  reduced  acceleration  and 
total  potential  energy  are  nearly  identical  for  the  two  runs,  as  inspec¬ 
tion  of  the  radial  distribution  functions  also  suggests.  Density  is  obvi 
ously  a  more  significant  factor  in  determining  these  quantities  than  the 
slightly  different  trajectories  of  the  4l.2°  run,  a  fact  which  has  been 
previously  demonstrated  (Reed  and  Gubbins,  1973 j  p.  249).  Radial  distri¬ 
bution  functions  for  the  two  runs  are  shown  in  figures  1  and  2,  and  are 
to  be  compared  with  the  radial  distribution  function  obtained  from  the 
neutron  scattering  data  of  de  Graaf  and  Mozer  (1971) >  figure  3.  Inspec¬ 
tion  of  the  curves  (table  II )*  reveals  that  the  principal  differences 
between  the  computer  runs  and  the  neutron  scattering  RDF  are  in  the  posi¬ 
tions  of  the  first  maximum,  the  value  for  neutron  scattering  being  at  a 
slightly  larger  (0.10  +  0.05  •$)  distance.  In  general  all  three  RDF's  are 
very  similar,  with  the  major  differences  being  substructural  "disturbance 
in  the  principal  oscillations. 


*  The  authors  will  supply  detailed  (0.05  £)  tables  of  g(r)  upon  request. 


Radial  Distribution  Functions  Determined  From  Computer  And 
Neutron  Scattering  Experiments 


TABLE  II  -  A  Comparison  of  Radial  Distribution  Functions  for  Neon 

Determined  from  Computer  and  Neutron  Scattering  Experiments 


Computer , 
34.8°  K 

Computer, 
41.2°  K 

Neutron  Scattering, 
35°  K  (de  Graaf  and 
Mozer,  1971) 

First  Maximum,  R 

3.00  ±  0.05 

3.00  ±  0.05 

3.10  ±  0.05 

g(r  ) 
max 

2.35 

2.38 

2.31 

First  Minimum,  R 

4.55 

4.50 

4.45 

Strain) 

0.75 

0.72 

0.71 

Second  Maximum,  R 

5.80 

5.85 

5.85 

S^max* 

1.16 

1.16 

1.17 

Considering  that  random  fluctuations  in  a  time-averaged  property  are  pro¬ 
portional.  to  the  inverse  square  root  of  the  number  of  measurements,  we 
estimate  these,  by  comparison  with  the  work  of  Verlet  (1967),  to  be  about 
1.7$  in  g(r)  for  the  computer  runs.  There  is  a  current  controversy  as  to 
whether  such  small  substructural  features  in  g(r)  correspond  to  real  con¬ 
figurational  substructure  in  the  liquid  or  are  the  result  of  experimental 
uncertainties  (Fehder,  1970;  Tsien  and  Valleau,  1974).  The  computer 
experiments  presented  here  do  not  resolve  that-  question,  but  it  is  to  be 
noted  that  the  initial  configuration  for  the  4l.2°  computer  run  was  one  of 
the  latter  configurations  of  the  34.8°  run.  Thus  with  a  common  point  in 
phase  space,  the  time  evolution  of  the  two  runs  results  in  different  sub- 
structural  features  in  their  radial  distribution  functions.  RDF's  derived 
from  different  portions  of  the  two  computer  runs  indicate  that  the  sub- 
structural  differences  persist  over  an  appreciable  period  of  time  (compared 
to  the  total  run  time).  Much  longer  runs  would  be  needed,  though,  before 
the  issue  could  be  definitely  settled. 

Pressures  calculated  from  eq.  (15)  for  the  various  computer  runs  and 
the  g(r)  derived  from  neutron  scattering  are  presented  in  table  III,  using 
both  the  classical  Lennard-Jones  pair  potential,  eq.  (7),  and  the  semi- 
classical  pair  potential,  eq.  (5).  The  wide  range  of  results  indicates 
the  sensitivity  of  this  property  to  details  of  the  computation.  De  Graaf 
and  Mozer  (1971)  report  the  experimental  value  of  p/Ok-oT  to  be  0.142  at 
35°  K.  '  B 
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Table  III  -  P/p  k~T  Calculated  from  the  Radial  Distribution  Functions 
by  eq.  (15). 


Computer, 
34.8°  K 

Computer, 
41.20  K 

Neutron  Scattering, 
35°  K  (de  Graaf  and 
Mozer,  1971) 

Classical  U(r) ,  eq.  (7) 

-0.44 

-0.12 

-0.36 

Semi-Classical  U(r), 

eq.  (5) 

0.64 

0.49 

DISCUSSION 


Negative  pressures,  calculated  from  eq.  (15)  suggest  in  molecular  dy¬ 
namics  calculations  the  possibility  of  a  phase  separation  (see  also  Riess, 
1950) ,  a  phenomenon  not  identical  to  the  real  event  in  nature  because  of 
the  periodic  boundary  conditions.  For  neon,  the  freezing  point  under  its 
own  vapor  pressure  is  34.5°  K,  and  such  a  result  would  not  be  surprising. 
There  are  possibilities  other  than  a  phase  transition  which  could  account 
for  this  effect  in  neon,  however,  specifically  neglect  of  quantum  mechani¬ 
cal  factors.  Indeed,  the  large  positive  pressure  obtained  from  the  neutron 
scattering  RDF  using  the  semi-classical  potential  function  suggests  that 
this  is  likely  the  case,  even  though  eq.  (5)  may  not  be  adequate. 

In  general,  the  effect  of  a  semi-classical  pair  potential  upon  g(r) 
can  be  understood  by  examining  the  parameters  £  and  0*  in  the  Lennard- 
Jones  equation.  The  result  of  quantum  behavior  is  to  shift  £  to  smaller 
and  CT  to  larger  values  in  the  semi-classical  function  from  the  classical 
potential.  Studies  upon  the  effects  of  density  on  g(r)  (Fehder,  1970; 
Verlet,  1968)  indicate  that  the  principal  maximum  depends  mainly  upon  the 
component  of  repulsive  force  which  is  related  to  G”  •  A  larger  (T"  would 
likely  move  the  g(r)  in  the  direction  of  the  neutron  scattering  g(r). 

This  would  also  have  a  significant  contribution  to  the  pressure  virial, 
eq.  (15).  The  smaller  £  ,  which  characterizes  a  smaller  attractive  force, 
would  affect  the  subsequent  principal  structure.  Thus,  it  appears  that  a 
somewhat  more  precise  semi-classical  potential  function,  used  for  the 
computation  of  particle  trajectories  by  eq.  (9)>  could  account  for  the 
differences  in  the  principal  maximum  of  g(r)  as  well  as  give  better  re¬ 
sults  for  the  pressure  calculated  from  eq.  (15). 
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It  would  also  be  of  interest  to  examine  the  microscopic  transport  and 
time  dependent  correlations  in  the  fluid  using  an  effective  temperature 
and  a  semi-classical  pair  potential.  This  would  help  decide  whether  such 
an  approach  does  represent  the  state  of  affairs  in  a  real  fluid  under 
moderate  conditions  of  temperature  and  pressure. 
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ABSTRACT 


The  uptake  of  cadmium  and  nickel  by  Salvinia, 
an  aquatic  fern,  was  monitored  over  a  three-week 
period.  The  concentration  factor  was  found  to  be 
approximately  1000,  indicating  a  potential  hazard 
to  animals  higher  in  the  food  chain. 

INTRODUCTION 


Several  types  of  potentially  hazardous  substances  are  known  to 
become  concentrated  as  they  move  up  the  food  chain.  The  classic 
example,  DDT,  has  been  shown  to  accumulate  in  fatty  tissue  and 
detoxify  very  slowly.  (Stoker,  1972b) 

Very  similar  in  respect  to  bioconcentration  are  toxic  heavy 
metals  (Stoker,  1972a;  Josephson,  1974).  Recent  studies  have 
shown  that  aquatic  plants  are  particularly  prone  to  incorporate 
these  metals,  particularly  those  with  extensive  plant  structure  in 
contact  with  water  (Cearly,  1973).  One  such  species  of  water  plant 
which  occurs  widely  is  Salvinia,  a  floating  fern  with  a  large  exposed 
root-like  rhizoid  system. 

This  study  was  undertaken  to  investigate  the  uptake  of  nickel  and 
cadmium  by  Salvinia.  This  species  is  widely  distributed  (Benson,  1957) 
and  has  the  potential  for  extensive  incorporation  into  the  food  chain. 

MATERIALS  AND  METHODS 

Reagents 

Stock  solutions  of  cadmium  and  nickel  were  prepared  from  reagent 
grade  salts  and  distilled  deionized  water,  and  were  acidified  to  prevent 
precipitation.  Metal  content  of  the  stock  solutions  was  determined  by 
titration  with  primary  standard  quality  EDTA  using  well-established 
methods  (Meites,  1963).  All  metal  salt  solutions  were  stored  in 
polyethylene  containers. 

Reagent  grade  concentrated  nitric  was  used  in  the  acid  digestion 
procedure.  The  lot  of  acid  used  was  analyzed  for  cadmium  and  nickel 
by  graphite  furnace  atomic  absorption.  Less  than  0.02  PPM  of  cadmium 
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or  nickel  was  found.  Great  care  was  taken  to  avoid  contamination  of 
the  acid;  it  was  kept  tightly  closed  in  a  dust  free  storage  area. 

Apparatus 

A  Beckman  Model  5  pH  meter  with  a  glass  multielectrode  was  used 
for  pH  measurement. 

A  Beckman  Fieldlab  oximeter  with  membrane  electrode  was  used  to 
determine  dissolved  oxygen. 

Metal  concentrations  were  determined  with  a  Perkin  Elmer  model 
360  atomic  absorption  spectrophotometer  equipped  with  an  HGA  2100 
graphite  furnace  and  a  slotted  laminar  burner.  Both  Perkin  Elmer  and 
Westinghouse  hollow  cathode  lamps  were  used  with  the  instrument. 

A  Kimble  microliter  pipet  with  disposable  plastic  tips  was  used 
with  the  graphite  furnace  atomic  absorption  measurements. 

Procedure 


Aerated  and  acclimatized  water  was  spiked  to  ''^-'0.10  PPM  with 
addition  of  stock  metal  solutions.  Three  liters  of  such  treated 
water  were  placed  in  large  beakers  and  approximately  5  grams  of 
Salvinia  were  added.  The  containers  with  plants  were  placed  in  the 
Illinois  State  University  greenhouse  under  fluorescent  lamps  which 
had  a  14  hour  photoperiod.  Samples  were  taken  periodically  over 
three  weeks. 

Water  quality  parameters  were  monitored  over  the  uptake  period. 
Average  values  were:  temperature  -  23.0°  C,  dissolved  oxygen  -  8.4 
PPM,  hardness  -  160  PPM  (CaC03),  and  pH  -  7.1.  All  values  showed  less 
than  5%  variation  over  the  three  week  period.  Samples  were  aerated 
to  maintain  dissolved  oxygen  levels. 

Samples  of  approximately  200  mg  were  taken,  thoroughly  washed, 
dried  for  30  minutes  at  180°C,  and  weighed,  and  placed  in  a  clean  50 
ml  pyrex  beaker.  Exactly  10.00  ml  of  reagent  grade  nitric  was  added, 
and  the  samples  were  digested  in  a  fume  hood  approximately  45  minutes. 
The  ashed  samples  were  cooled,  transferred  quantitatively  to  a  clean 
25  ml  volumetric  and  diluted  to  volume  with  distilled,  deionized 
water. 

Flameless  atomic  absorption  was  used  for  analysis  of  control 
sample  and  samples  taken  at  1-3  days.  Flame  atomic  absorption  was 
used  for  all  other  samples.  Instrumental  settings  were  those  pre¬ 
scribed  by  the  manufacturer  (Perkin-Elmer  Corp.  1973-1974).  Standard 
addition  was  used  to  minimize  matrix  effects,  and  results  were  cal¬ 
culated  using  a  least  squares  program  on  a  Wang  programmable  calcula¬ 
tor. 

An  acid  blank  was  analyzed  for  cadmium  and  nickel,  and  the  values 
subtracted  to  correct  for  the  small  amounts  in  the  nitric  acid  used. 
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RESULTS 


A  large  bioconcentration  was  observed  for  both  cadmium  and  nickel. 
As  can  be  seen  in  the  table,  the  heavy  metal  levels  rose  to  a  maximum 
level  and  remained  nearly  the  same  for  the  course  of  the  experiment. 

TABLE 


Cadmium  and  Nickel  Uptake 
Cadmium 


Length  of  Exposure  (Days) 

0 

1 

2 

3 

5 

10 

15 

21 

Nickel 

Length  of  Exposure  (Days) 

0 

1 

2 

5 

8 

13 

19 

21 


Concentration  (ug/g) 

2.3 

61 

94 

116 

120 

156 
152 

157 


Concentration  (ug/g) 

2.6 

60 

88 

142 

161 

165 

165 

164 


DISCUSSION 


The  initially  high  values  for  cadmium  and  nickel  are  further 
evidence  for  the  bioconcentration  of  these  metals.  Analysis  of  the 
water  used  for  growing  Salvinia  showed  that  this  water  contained  0.006 
PPM  (6  PPB)  cadmium  and  0.010  PPM  (10  PPB)  nickel.  The  bioconcentration 
factor,  the  ratio  of  the  final  concentration  in  the  plant  material  to 
the  concentration  in  the  water,  is  seen  to  be  about  400  for  cadmium 
and  300  for  nickel  in  the  control  samples.  This  is  consistent  with 
the  order  of  magnitude  of  the  concentration  factor  for  the  plants 
exposed  to  water  with  added  heavy  metal.  The  overall  factor  for  the 
uptake  experiment  is  approximately  1000  for  both  cadmium  (0.106  - 
157  PPM)  and  nickel  (0.110  -  165  PPM). 


It  is  interesting  to  note  that  a  large  difference  in  toxicity 
was  observed  in  the  two  uptake  samples.  Nickel  apparently  has  little 
short  term  effect  on  the  plants,  as  contrasted  to  the  yellowing  and 
loss  of  turgor  observed  with  the  cadmium  treated  plants. 


Further  experiments  are  in  progress  to  evaluate  the  uptake  of 
mercury  and  lead  in  Salvinia  by  these  methods. 
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ABSTRACT 


The  fauna  and  paleoecology  of  a  late-Pennsylvanian 
shale  which  lies  between  beds  of  the  Livingston  Limestone 
in  eastern  Illinois  is  presented.  The  name  Charleston 
Quarry  shale  is  used  informally  for  this  shale  in  the 
area  of  the  Charleston  Stone  Company  quarry,  northeast 
of  Charleston,  Coles  Co.,  Illinois. 

The  fauna  consists  mostly  of  bryozoans,  brachiopods 
and  crinoids  distributed  throughout  three  distinct  zones 
within  the  Charleston  Quarry  shale.  This  fauna  inhabited 
an  offshore  quiet  bottom  area  in  a  shallow,  warm,  marine 
epicontinental  sea  at  a  water  depth  of  approximately 
20  meters • 


INTRODUCTION 


The  late  Pennsylvanian  Livingston  Limestone  is  exposed  by 
mining  in  the  quarries  of  the  Charleston  Stone  Company  along  the 
Embarrass  River,  northeast  of  Charleston,  Illinois.  The  thickness 
of  a  gray  shale,  the  Charleston  Quarry  shale,  at  the  study  site, 
a  newly  opened  pit  in  the  quarry  complex  (  ^  SE.,  %SE.,  %  SW., 
SEC.  32,  T.  13  N.,  R.  10  E.,  Coles  Co.),  is  18  inches.  It  divides 
the  Livingston  Limestone  into  two  distinct  benches,  each  approx¬ 
imately  10  feet  thick.  The  shale  is  fine  grained,  predominantly 
gray  in  color  and  occurs  in  three  distinct  zones:  a  bottom-most, 
heavy,  dense  shale  in  abrupt  contact  with  the  lower  limestone 
bench,  a  middle  shale  zone  of  soft,  thinly-bedded,  greenish-gray 
deposit  mottled  with  darker  patches,  and  an  upper  zone  of  limey 
shale  which  grades  into  the  upper  limestone  bench. 

STRATIGRAPHY 


The  Livingston  Limestone  was  named  by  Vorthen  (1875).  This, 
with  the  included  Charleston  Quarry  shale,  is  placed  in  the  Bond 
Formation,  McLeansboro  Group,  Pennsylvanian  System  of  eastern 
Illinois  (Kosanke  et  al.,  i960). 
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The  most  useful  summary  of  the  Pennsylvanian  geology  of  the 
study  area  can  be  found  in  Clegg (1959)  who  refers  to  the  limestone 
containing  the  Charleston  Quarry  shale  as  the  Millersville  Limestone. 
But  Kosanke  et  al.  (I960)  have  classified  the  limestone  east  of 
the  La  Salle  Anticline  as  the  Livingston  Limestone.  A  direct 
correlation  between  the  Millersville  and  Livingston  Limestones  is 
noted  by  Clegg  (1959)  and  Kosanke  et  al.  (i960). 

The  Livingston  Limestone  is  a  gray  to  buff,  extremely  dense, 
crystalline  rock  extending  with  the  Millersville  Limestone  through 
the  deep  part  of  the  Illinois  Basin.  The  Livingston  Limestone 
reaches,  in  places,  a  total  thickness  of  50  feet  or  more.  It  is 
not  quite  so  well  developed  on  the  southern  flank  of  the  Bellair- 
Champaign  Uplift,  the  northernmost  extent  of  the  limestone  and 
the  location  of  this  paper’s  study  area.  Several  authors  have 
mentioned  a  shale  bed  separating  the  Livingston  Limestone  into 
two  benches,  but  no  definitive  study  of  this  shale,  the  Charleston 
Quarry  shale,  has  ever  been  published. 

SAMPLING 


Numerous  samples  of  the  Charleston  Quarry  shale  were  collected 
during  the  summer  of  1973*  The  samples  were  taken  from  a  newly 
opened  pit  in  the  quarry  on  the  west  side  of  the  Embarrass  River 
and  compared  to  specimens  from  the  paleobiology  collection  of 
Eastern  Illinois  University  derived  from  Charleston  Quarry  shale 
obtained  from  an  abandoned  pit  on  the  east  side  of  the  Embarrass 
River. 


All  of  these  samples  were  obtained  from  a  complete  stratigraphic 
sequence  of  shale.  The  shale  was  removed  from  the  quarry  for  study. 
One  shale  sample  somewhat  in  excess  of  5  cubic  feet  was  taken 
apart  bedding  plane  by  bedding  plane  and  examined  for  fossils. 
Different  types  and  numbers  of  fossils  found  in  each  of  the  three 
shale  zone  layers  are  summarized  in  Table  1.  Analysis  of  these 
samples  indicate  no  specific  orientation  of  the  fossils.  Most 
fossils  were  articulated  and  showed  no  surface  wear  from  transport. 

PALEOECOLOGT 

Any  attempt  to  reconstruct  past  environment  is  difficult, 
since  in  few  cases  is  the  evidence  clear  and  indisputable.  This 
section  will  present  the  basic  paleoecological  data  and  assump¬ 
tions  used  in  an  environmental  reconstruction  of  the  Charleston 
Quarry  shale. 

Lophophyllidium  proliferum  is  a  small,  solitary  rugose  coral 
and  the  only  coral  found  in  the  fauna.  According  to  Hill  (1956), 
rugose  corals  were  apparently  able  to  exist  in  numbers  under  condi¬ 
tions  where  large  compound  corals  could  not  flourish,  the  sedimentary 
environments  suggesting,  perhaps,  moderately  deep  seas  with  relatively 
low  amounts  of  light.  Ziegler,  Cocks  and  Bambach  (1968)  suggested 
that  the  ’'cornucopia"  shape  and  weight  concentration  on  the  outer 
curve  of  the  rugose  coral  would  have  served  to  keep  its  mouth 
raised  above  the  sediment  surface  without  being  firmly  anchored 
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TABLE  1.  Faunal  composition  and  specimen  occurrence  in  a  5  cu.  ft. 
sample  of  the  Charleston  Quarry  shale.  R=  rare,  1-3 
specimens;  P=  present,  l|-8  specimens;  A=  abundant,  9  or 
more  specimens • 


Species 

bottom 

shale 

zone 

middle 

shale 

zone 

upper 

shale 

zone 

Coral 

Lophophyllidium  proliferum 

R 

R 

R 

Bryozoa 

Fenestrellina  mimica 

A 

A 

P 

Fenestrellina  modesta 

A 

A 

P 

Polypora  sp. 

P 

P 

- 

Penniretepora  sp. 

R 

R 

R 

Rhombopora  lepidodendroides 

A 

R 

R 

Brachiopoda 

Inart icu lata 

Orbiculoidea  missouriensis 

A 

R 

R 

Articulata 

Derbyia  crass a 

- 

R 

- 

Chonetinella  flemingi 

R 

R 

- 

Kozlowskia  splendens 

A 

A 

A 

Reticulatia  huecoensis 

- 

P 

- 

Hustedia  mormoni 

P 

P 

P 

Composita  argentea 

R 

- 

R 

Neospirifer  dunbari 

A 

P 

A 

rtmctospirifer  kentuckyensis 

- 

R 

P 

Crurithyris  planoconvexa 

R 

P 

R 

Bivalvia 

Acanthopecten  carboniferus 

R 

- 

- 

Gastropoda 

Glabrocingulum  grayvillense  (R*) 

9 

• 

? 

? 

Platvcerus  sp. 

- 

P 

- 

Trilobita 

cf.  Ditomopyge 

- 

R 

R 

Crinoids 

stemules  and  plate  fragments 

A 

A 

A 

*One  specimen  of  unknown  zonation  from  the  Paleobiology  collection 

of  Eastern  Illinois  University, 
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to  the  substrate  by  cementation.  The  trophic  mode  of  such  corals 
has  been  designated  by  Walker  (1972)  as  a  high  level  suspension 
feeder.  L.  proliferum  specimens  were  unfragmented  and  showed  no 
surface  w"ear  from  transport. 

The  bryozoans  of  the  fauna  are  of  two  morphological  types : 
the  upright  fan-shaped  members  of  the  family  Fenestrellidae 
(Fenestrellina  mimica,  Fenestrellina  modesta  and  Polypora  sp.) 
and  the  branching  or  ramose  forms  ( Penniretepora  sp.  and 
Rhomb opora  lepidodendroides ) •  No  encrusting  bryozoans  are  present 
in  the  Charleston  Quarry  shale,  although  specimens  of  encrusting 
bryozoans  are  to  be  found  in  the  Upper  Livingston  Limestone  bench. 

Except  for  R.  lepidodendroides ,  which  is  abundant  in  the 
upper  shale  zone,  the  upright  fan -shaped  fenestrelid  colonies 
are  more  common  than  the  branching  forms .  According  to  Ryland 
(1970)  fenestrelids  presumably  evolved  in  response  to  a  need  for 
the  filtration  area  of  the  colony  to  be  as  large  as  possible  in 
habitats  not  subject  to  appreciable  water  movement.  Walker 
(1972)  classified  the  trophic  mode  of  the  branching  bryozoans 
as  high  level  suspension  feeders.  Preservation  suggests  a  quiet 
water  habitat  with  rapid  burial  and  no  transport  after  death. 

Orbiculoidea  mlssouriensis,  the  only  inarticulate  brachiopod 
in  the  fauna,  had  a  pedicle  apparently  used  for  attachment  to  a 
substrate  but was  not  found  attached  to  any  material  in  the 
Charleston  Quarry  shale. 

Articulate  brachiopods  make  up  the  majority  of  specimens 
of  the  fauna.  With  the  exception  of  Composita  argentea,  with 
its  large,  heavy,  biconvex  shell  and  need  of  a  firm  substrate 
for  attachment  by  its  pedicle,  all  of  the  articulate  brachiopods 
possessed  a  shell  morphology  that  would  have  allowed  them  to 
live  on  a  soft  sediment. 

Derbyia  crassa  had  a  slightly  biconvex  shell  unlike  most  other 
strophomenids .  According  to  Muir-Wood  and  Williams  (1965),  the 
shell  was  supposedly  attached  to  a  surface  by  cementation  of  the 
ventral  umbo,  having  lost  a  functional  pedicle.  However,  in  the 
Charleston  Quarry  shale,  this  species  is  always  found  unattached 
to  any  surface .  It  may  have  been  free-lying  upon  the  bottom, 
not  utilizing  any  cementation  habit,  but  relying  upon  its  small 
size,  weight  and  broad  surface  area  to  prevent  sinking.  Chonetinella 
flemingi,  with  its  concavo-convex  shell  morphology  and  valve  edges 
growing  upwards,  away  from  the  substrate,  was  well  adapted  to 
life  on  a  soft  substrate.  In  addition,  C.  flemingi *s  shell 
morphology  would  allow  a  rapid  snapping  of  the  valves  to  unbury 
the  shell  if  covered  too  deeply  by  shifting  sediment  (Rudwick  1970). 
Kozlowskia  splendens  and  Reticulatia  huecoensis ,  productids 
equipped  with  spines  to  spread  out  their  weight,  have  obvious 
adaptions  to  live  on  soft  bottoms.  Broken  unattahed  spines  are 
common  fossils  in  the  Charleston  Quarry  shale  and  spine  scars 
are  present  on  all  specimens  of  these  productids.  Hustedia  mormoni 
and  Crurithyris  planoconvexa  were  of  a  small  size  and  weight]! 
have  obvious  adaptions  to  live  on  soft  bottoms . 
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Walker  (1972)  described  the  trophic  mode  of  the  brachiopods  as 
low-level  suspension  feeders .  Most  of  the  Charleston  Quarry 
shale  brachiopods  had  their  shell  margins  nearly  level  with  the 
bottom  and  filtered  the  water  immediately  above  the  bottom. 

The  only  bivalve  in  the  fauna  was  Acanthopecten  carboniferus, 
represented  by  only  two  specimens  in  the  upper  shale  zone.  This 
pecten  probably  occupied  about  the  same  ecological  niche  as  recent 
pectens  if  similar  body  form  means  similar  function  and  thus,  was 
a  low  level  suspension  feeder  resting  on  the  bottom  and  swimming 
when  sedimentation  or  other  factors  threatened. 

Two  Archaeogastropoda  were  present:  Glabrocingulum  grayvillense 
and  Platyceras  sp..  G.  grayvillense  had  a  rhipidoglossa  type  radula 
suggesting  a  herbacious  diet  (Knight  et  al.  I960)  while  Platycerus 
was  an  ectocommensal  upon  crinoid  calices. 

A  trilobite,  cf.  Ditomopyge,  was  represented  by  many  entire 
pvgidia.  In  only  one  instance  was  it  also  represented  by  disar¬ 
ticulated  thoracic  segments  and  genal  spines.  This  predominance 
of  pygidia  suggests  some  type  of  differential  preservation. 

Only  sternules  and  a  few  plate  fragments  of  crinoids  were 
present  in  the  shale.  The  crinoid  sternules  were  extremely  abun¬ 
dant  in  all  three  shale  zones  and  followed  a  general  trend  of 
decreasing  diameter  as  one  proceeded  upward  from  the  bottom  shale 
zone.  The  sternules  appeared  to  be  of  several  morphological  types. 
Crinoid  identification  without  the  entire  organism  is  extremely 
difficult  and  was  not  attempted  with  these  fragments . 

DISCUSSION 


Paleoecological  reconstructions  are  confined  to  broad  general¬ 
izations  by  the  very  limitations  of  the  fossil  record  because 
preserved  animals  are  not  always  representative  of  a  complete  fauna. 
The  environmental  interpretation  of  the  Charleston  Quarry  shale 
presented  here  seems  most  consistant  with  the  available  data,  but 
it  is  by  no  means  the  only  interpretation  possible. 

During  the  Pennsylvanian  period,  the  land  that  is  now  central 
Illinois  underwent  cyclic  changes  in  sea  level  due  to  the  constant 
sinking  of  the  Illinois  Basin.  This  sinking  basin  led  to  periods 
of  land  submergence  under  a  shallow  sea.  It  was  the  transgression 
of  these  waters  over  the  site  of  the  present  Charleston  Stone 
Company  quarry  that  allowed  the  Charleston  Quarry  shale  to  be 
deposited • 

Variations  in  cyclically  deposited  sedimentary  rocks  and 
their  included  faunas  usually  reflect  differences  in  water  depth. 

The  depth  of  water  over  a  habitat  and  its  distance  from  shore  are 
related  to  the  abundance  and  diversity  of  the  fauna  found  there. 
Marine  organisms  increase  in  abundance  and  diversity  from  tidal  flat 
environments  toward  offshore,  shallow  subtidal  environments. 
Ecological  conditions  are  less  variable  and  more  stable  in  subtidal 
offshore  environments  than  in  the  harsher  nearshore  environments 


(Walker  arid  Laporte  1970),  Stevens  (1971)  has  devised  a  method 
of  determining  water  depth  by  the  number  of  brachiopod  genera 
present  in  a  fauna.  Stevens  believes  that  more  brachiopod 
genera  are  found  in  the  more  stable  deeper  waters  offshore  than 
in  the  less  stable  shallower  waters  nearshore.  Using  the  thin 
coal  seam  seen  in  the  study  pit  beneath  the  Livingston  Limestone 
as  a  starting  point  of  a  sedimentary  sequence  in  the  quarry  and 
the  upper  Livingston  Limestone  bench  as  the  end  point,  one  can 
estimate  the  changes  in  water  depth.  The  thin  coal  seam  represents 
the  remains  of  a  swamp  present  before  the  transgression  of  an 
epicontinental  sea.  Above  the  coal  is  a  three  foot  layer  of  dark 
gray  shale  which  would  represent  the  original  shallow  bottom  of 
the  sea.  Water  depth  gradually  increased  and  under  a  depth  of 
5-15  meters,  the  lower  Livingston  Limestone  bench  was  deposited. 

This  depth  is  arrived  at  from  Stevens’  (1971)  views  which  relate 
the  four  genera  of  brachiopods  present  in  the  lower  limestone  bench; 
Composita  argentea,  Neospirifer  dunbari,  Kozlowskia  splendens  and 
a  rhynchonellid,  to  a  water  depth  of  5-15  meters .  After  the 
deposition  of  the  lower  Livingston  Limestone  bench,  the  water  depth 
rapidly  deepened  and  the  sediment  regime  changed.  This  sudden 
change  in  water  depth  can  be  deduced  from  the  abrupt  contact  between 
the  upper  surface  of  the  lower  Livingston  Limestone  and  the  bottom 
shale  zone  on  the  Charleston  Quarry  shale. 

The  water  depth  above  the  Charleston  Quarry  shale  was  over 
20  meters,  based  on  the  presence  of  10  genera  of  brachiopods. 

With  the  deposition  of  the  Charleston  Quarry  shale,  the  water  became 
shallower,  due  to  a  recession  of  the  epicontinental  sea.  This  was 
a  gradual  process  as  seen  by  the  gradual  gradation  of  the  upper 
shale  zone  upwards  into  the  upper  Livingston  Limestone  bench. 

Although  Jfylius  (1927)  has  described  9  genera  of  brachiopods  in  the 
upper  Livingston  Limestone  bench,  the  authors  and  Eastern  Illinois 
University's  Paleozoology  classes  over  several  years,  have  found 
only  five  genera:  Composita  argentea,  Neospirifer  dunbari, 

Kozlowskia  splendens ,  Punctospirifer  kentuckyensis  and  a  rhynchonellid. 
This  would  correspond  to  a  depth  of  5-1 5  meters,  the  same  depth 
of  deposition  as  the  lower  Livingston  Limestone  bench. 

The  upper  Livingston  Limestone  bench  is  the  end  of  the 
Pennsylvanian  strata  in  the  quarry  as  all  intervening  beds  between 
the  upper  limestone  bench  and  the  Pleistocene  deposits  have  been 
removed  by  post-Pennsylvanian  erosion,  Jfylius  (1927)  has  described 
sandstones,  shales,  slates  and  a  thin  limestone  of  later  Pennsyl¬ 
vanian  age  above  the  upper  Livingston  Limestone  bench  to  the  south 
of  the  study  area.  This  would  seem  to  indicate  the  continuation 
of  the  typical  Pennsylvanian  cycle  of  deposition  after  the  formation 
of  the  Livingstone  Limestone. 

Some  other  factors  must  also  be  considered  in  a  paleoecological 
study:  light  penetration,  water  temperature,  salinity,  bottom 
condition,  and  food  supply. 

If  light  conditions  now  are  similar  to  light  conditions  in 
the  Pennsylvanian,  then  it  is  probable  that  some  wave  lengths  of 
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light  were  able  to  penetrate  20  meters  of  water  to  reach  the  bottom 
for  some  period  of  each  day. 

VTater  temperature  is  assumed  to  be  warm  in  shallow  epicontinental 
seas  of  the  Pennsylvanian  period. 

Water  salinity  is  influenced  by  many  factors  and  there  is  no 
way  to  determine  salinity  beyond  the  presumed  tolerance  range  of 
such  a  normal  fauna  as  was  found  in  the  Charleston  Quarry  shale. 

There  are  no  brackish  water  forms,  such  as  Lingula,  present  so 
salinity  is  assumed  to  have  been  normal. 

Many  factors  played  a  part  in  the  determination  of  the  bottom 
conditions  of  the  three  shale  zones  of  the  Charleston  Quarry 
shale  including  water  currents,  suspended  particles  and  sedimentation. 

The  Charleston  Quarry  shale  is  composed  of  fine  mud  and  clay 
particles  which  would  have  required  time  to  settle  out  of  a  quiet 
suspension.  Any  appreciable  water  movement  would  have  inhibited 
the  shale  formation.  The  exclusion  of  water  currents  from  the 
bottom  could  have  occurred  in  three  ways.  First,  the  bottom  could 
have  been  deep  enough  and  far  enough  offshore  to  preclude  any  wave 
action.  The  water  current  necessary  to  carry  the  shale  particles 
to  the  area  of  depositor  was  far  enough  above  the  bottom  to  insure 
that  the  bottom  was  relatively  undisturbed.  Second,  the  bottom 
could  have  been  covered  by  a  lush  growth  of  vegetation  that  had 
reached  a  height  which  effectively  inhibited  bottom  currents  of  a 
velocity  necessary  to  disturb  the  shale  deposition.  Third,  a 
combination  of  low  velocity  bottom  currents  and  some  vegetation 
night  have  excluded  high  velocity  bottom  currents.  In  any  of 
these  alternatives,  the  offshore  location  of  the  Charleston  Quarry 
shale  deposition  area  is  reinforced  because  currents  from  the  shore 
tend  to  carry  small  sediment  particles  making  up  shale  the  farthest 
from  shore  before  depositing  them. 

A  quiet  bottom  is  postulated  for  shale  formation  as  well  as 
to  accomodate  certain  aspects  of  fauna.  First,  the  fragile  bryozoan 
skeletons  were  not  fragmented  by  transport  nor  was  any  surface 
wear  observed  on  any  other  fossil.  Second,  the  fossils  were  not 
directionally  oriented  indicating  a  current.  Third,  the  morphology 
of fenestrellid  bryozoans  was  presumably  adapted  to  a  quiet  water 
habitat.  All  this,  of  course,  does  not  mean  that  the  water  was 
still  enough  to  be  completely  free  of  sediment.  Instead,  the 
water  was  well  supplied  with  suspended  fine  particles  of  clay,  mud 
and  abundant  organic  food  materials.  The  abundant  food  and  sediment 
required  the  fauna  to  be  composed  of  animals  which  had  highly  evolved 
mechanisms  for  sorting  and  rejection  to  separate  their  food  from 
inorganic  particles. 

Sedimentation  was  not  the  same  in  all  three  shale  zones.  The 
bottom  shale  zone  has  thick  bedding  planes  (,75-1.25mm)  indicating 
that  sedimentation  was  heavy  when  it  did  occur  but  was  probably 
intermittent.  The  middle  shale  zone  has  thin  bedding  planes 
(.25-«?Omm)  indicating  that  sedimentation  was  probably  constant. 

The  upper  shale  zone  is  thinly  bedded  at  its  base  (.30mm)  tut 
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in  the  portion  of  the  zone  immediately  below  the  upper  limestone  bench, 
there  are  no  bedding  planes.  The  upper  shale  zone  is  very  limey 
indicating  reworking  and  mixing  of  the  shale  and  lime. 

The  relative  firmness  of  the  bottom  was  different  in  each  of 
the  three  shale  zones.  The  bottom  shale  zone  was  thin  and  dense 
since  it  offered  sufficient  anchorage  for  Compos ita  argentea  and 
large  crinoids.  The  middle  shale  zone  was  probably  a  semi-ooze 
bottom  with  water  filling  the  spaces  between  the  fine  shale  particles. 
This  was  definitely  a  less  firm  substrate  than  the  bottom  shale  zone 
and  one  on  which  C.  argentea  could  not  attach.  The  upper  shale  zone 
has  the  least  numFer  of  species.  This  was  probably  a  slightly  firmer 
bottom  than  the  middle  shale  zone.  It  contained  £.  argentea  but 
whether  this  brachiopod  attached  during  deposition  of  the  upper 
shale  zone  or  after  mixing  with  lime  had  occurred  is  not  clear. 

The  upper  shale  zone  had  the  crinoid  stems  of  the  smallest  diameter. 
Perhaps  this  transitional  zone  from  shale  to  limestone  offered  the 
least  stable  environmental  conditions  of  the  three  shale  zones. 

The  Charleston  Quarry  shale  might  be  designated  a  Kozlowskia- 
Neospirifer  community  since  these  two  genera  were  the  most  abundant 
and  characteristic  of  the  fauna.  They  also  exhibited  specializations, 
such  as  the  spines  of  Kozlowskia  and  the  wide  wings  of  Neospirifer, 
that  relate  then  to  the  soft  bottom  of  the  Charleston  Quarry 
shale©  There  was  no  evidence  of  infaunal  species  in  the  community. 

No  burrows  or  reworking  of  the  sediments  were  found. 

SUMMARY 

The  Charleston  Quarry  shale  was  formed  of  fine  sediments  in  a 
quiet  bottom  habitat  in  20  meters  of  water  that  was  offshore  in  a 
warm  epicontinental  Pennsylvanian  sea.  Sedimentation  varied  from 
heavy  and  intermittent  to  light  arid  steady  during  the  deposition 
of  the  three  shale  *ones .  The  relative  firmness  of  the  shale 
differed. 

The  fauna  can  be  designated  a  Kozlowskia-Neospirifer  community. 

The  primary  trophic  mode  was  filter  feeding  on  an  abundant  food 
supply.  All  of  the  fauna  was  epifaunal  and  a  characteristic  marine 
assemblage . 
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SUMMER  MOVEMENTS  OF  TWO  RADIO-MARKED  HEN  TURKEYS  ON  CRAB  ORCHARD  NATIONAL 

WILDLIFE  REFUGE 

RICHARD  A.  LANCIA,  ROBERT  E.  HAWKINS,  and  CHARLES  J.  NEWLING 
Cooperative  Wildlife  Research  Laboratory 
Southern  Illinois  University,  Carbondale,  Illinois  62901 

ABSTRACT. — Two  radio-marked  hen  turkeys  displayed  ex¬ 
aggerated  movement  patterns  possibly  reflecting  mar¬ 
ginal  habitat  quality. 

Turkeys  were  probably  extirpated  in  Illinois  by  the  1920's.  Attempting 
to  reintroduce  them,  the  Illinois  Department  of  Conservation  released  pen- 
reared  and,  later,  wild-trapped  birds  in  several  southern  counties  (Calhoun, 
1972).  By  1967  turkeys  began  to  appear  on  Crab  Orchard  National  Wildlife 
Refuge,  Williamson  County,  Illinois  (Personal  Communication,  Crab  Orchard 
National  Wildlife  Refuge  personnel). 

In  April,  1972,  a  subadult  hen  (hen-1)  and  a  mature  hen  (hen-2)  were 
live  trapped  and  radio  marked  (Lancia,  197*0-  Seventy-seven  locations  were 
determined  for  the  subadult  hen  during  the  20-week  period  its  transmitter 
was  operating.  Sixty-five  locations  were  determined  for  the  mature  hen  dur¬ 
ing  a  17-week  period  before  it  was  found  dead. 

After  trapping,  both  turkeys  stayed  in  the  Grassy  Bottoms  area  (Fig. 
l).  The  subadult  hen  occupied  a  250-acre  range  for  13  weeks,  during  which 
time  she  nested  and  renested.  Shortly  thereafter  she  made  an  excursion  of 
4  miles  to  the  east  side  of  the  Refuge,  where  she  stayed  for  1  week  before 
returning  to  Grassy  Bottoms.  Since  hen-1  was  located  only  three  times  while 
on  the  east  side  of  the  Refuge,  no  range  was  calculated.  After  returning  to 
Grassy  Bottoms  the  subadult  hen  used  an  area  of  200  acres.  Thus,  this  bird 
moved  a  total  of  8  miles  roundtrip  through  2,000  acres  in  a  20-week  period. 

The  mature  hen  roamed  over  590  acres  within  Grassy  Bottoms  during  a 
3-week  period  prior  to  moving  5-5  miles  to  a  40-acre  woodlot  (Fig.  1). 

Hen-2  stayed  within  a  30-acre  range  inside  the  woodlot  for  about  2  weeks  be¬ 
fore  moving  2  miles  northeast  along  a  wooded  creek  bed  to  a  narrow  belt  of 
lowland  woods  bordering  the  creek.  Eighty  percent  of  the  time  hen-2  was 
found  within  this  narrow  belt;  however,  some  locations  were  as  far  as  0.7 
mile  from  the  creek.  Thus,  the  range  of  180  acres  for  this  period  is  in¬ 
flated.  After  approximately  4  weeks  the  mature  hen  returned  to  Grassy 
Bottoms.  During  the  monitoring  period  this  bird  did  not  nest.  In  summary, 
the  mature  hen  moved  a  total  of  13  miles  roundtrip  through  7,200  acres  in  a 
17-week  period. 

Ellis  and  Lewis  (1967,  p.  579)  in  Missouri  found  that  turkeys  did  not 
wander  daily  over  their  entire  range.  Instead,  radio-marked  birds  used  only 
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Figure  1. — Schematic  representation  of  summer  activity  areas  of  two  hen  tur¬ 
keys,  Crab  Orchard  National  Wildlife  Refuge,  1972. 


a  small  portion  of  200-400  acres  for  1-3  weeks  before  moving  1-3  miles  to 
another  activity  area.  The  turkeys  in  our  study  showed  the  same,  but  exag¬ 
gerated,  movement  pattern — moving  as  much  as  5»5  miles  between  activity  areas. 

Hillestad  (1973,  p.  109)  in  Alabama  found  the  average  spring  and  summer 
range  for  four  nonnesting  hens  to  be  194  acres  and  for  eight  nesting  hens, 

370  acres.  He  also  determined  the  average  minimum  distance  between  extreme 
locations  for  the  same  nonnesting  and  nesting  hens  to  be  2.75  miles  and  1.7 
miles,  respectively  (Hillestad,  1973,  p.  113,  115)-  The  ranges  occupied  and 
the  distances  moved  by  the  hens  in  our  study  were  much  greater. 

Range  sizes  and  movement  patterns  found  in  our  study  might  reflect  the 
suitability  of  the  habitat.  Turkeys  thrived  in  the  Missouri  study  area 
(Ellis  and  Lewis,  1967,  p.  579),  and  in  Alabama  the  turkey  population  was 
expanding  rapidly  (Speake  _et_  al . ,  1969);  however,  turkeys  were  rare  in  our 
study  area.  Since  our  study  area  was  on  the  extremity  of  occupied  turkey 
range  in  Illinois,  perhaps  the  marginal  quality  of  the  habitat  along  the  pe¬ 
riphery  of  the  range  was  reflected  in  the  exaggerated  movement  patterns. 
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IMMUNOELECTROPHORETIC  CHARACTERIZATION  OF  LIPOPOLYSACCHARIDES 
FROM  SERRATIA  MARCESCENS  RESISTANT  AND  SENSITIVE  TO  POLYMYXIN  Ba 

Douglas  A.  Weber*3  and  Joseph  C.  Tsang 
Departments  of  Biological  Sciences  and  Chemistry 
Illinois  State  University 
Normal,  Illinois  61761 

Abstract .  Lipopolysaccharides  (LPS )  isolated  from  Serratia 
marcescens  resistant  and  sensitive  to  polymyxin  B,  were 
characterized  by  immunoelectrophoresis .  Our  results  showed 
that  both  the  free  LPS  and  protein-bound  LPS  fractions  from 
all  strains  contained  intact  LPS  present  as  a  neutral  com¬ 
ponent.  In  addition,  most,  but  not  all  strains,  contained 
anodic  and/or  cathodic  migrating  components.  With  the  ex¬ 
ception  of  those  in  the  polymyxin  B  resistant  strain  08, 
their  exact  chemical  nature  is  not  known.  Although  our  re¬ 
sults  do  not  indicate  a  correlation  between  the  immunoelect- 
rophoretic  characteristics  of  LPS  from  S_.  marcescens  with 
its  polymyxin  B  susceptibility,  this  does  not  exclude  the 
possible  role  of  LPS  in  the  in  vivo  antibiotic  resistance 
mechanism  in  marcescens  or  other  gram-negative  bacteria. 


Lipopolysaccharides  (LPS)  are  characteristic  components  of  the  cell 
envelope  of  gram-negative  bacteria.  They  are  found  as  a  protein  complex, 
called  endotoxin  in  the  outer  membrane  of  the  cell  envelope.  Biologically, 
preparations  of  LPS  and  endotoxins  elicit  similar  responses  such  as  toxicity, 
pyrogenicity  and  antigenicity.  Structurally,  LPS  consist  of  a  lipid  moiety 
(lipid  A)  covalently  linked  to  a  core  polysaccharide  which  is  attached  to 
several  antigenic  side-chain  polysaccharides. 

The  role  of  LPS  in  antibiotic  resistance  mechanisms  was  first  observed 
by  Schlecht  and  Westphal  (1970)  and  later  by  Tamaki,  et  al  (1971).  LPS  was 
suggested  to  form  a  barrier  to  antibiotics  and  other  molecules  in  the  outer 


Preliminary  study  of  this  investigation  was  presented  in  the  67th 
Annual  Meeting  of  the  Illinois  State  Academy  of  Sciences,  1974,  Springfield, 
Illinois . 
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membrane.  Any  deletion  of  the  LPS  might  facilitate  penetration  of  antibiotics, 
and,  hence  results  in  an  increased  sensitivity  of  the  organism  towards  the 
antibiotic  molecule. 

The  effects  of  polymyxin  B  on  the  cell  envelope  and  its  components 
have  been  studied  by  several  groups.  It  is  known  that  polymyxin  is  capable 
of  inactivation  of  endotoxin  (Coopers tock ,  1974).  Treatment  with  polymyxin 
B  in  Serratia  marcescens  (Tsang,  et  al. ,  1974)  and  other  gram-negative  bac¬ 
teria  (Wahn  et  al. ,  1968;  Koike  et  al.,  1969)  causes  projections  in  the 
outermost  layer  of  the  cell  envelope  and  disorganizes  the  outer  membrane.  In 
addition,  Lopes  and  Inniss  (1969),  by  using  electron  microscopy,  observed 
the  breakdown  of  the  ribbon-like  structure  of  LPS  from  E.  coli  after  treat¬ 
ment  with  polymyxin  B.  More  recently  this  antibiotic  was  demonstrated  to 
bind  to  the  lipid  A  moiety  of  the  LPS  molecule  (Teuber  and  Bader,  1972). 

Immunoelectrophoretic  characterization  of  the  LPS  from  a  polymyxin  B 
resistant  strain  of  S^.  marcescens  (08)  has  been  reported  (Tsang,  et  al.  , 

1974).  The  intact  LPS  molecule  was  located  in  the  neutral  zone,  while  the 
protein  and  the  free  side-chain  polysaccharides  migrate  towards  the  anodic 
compartment  and  the  cathodic  compartment,  respectively.  Similar  observa¬ 
tions  on  LPS  from  other  gram-negative  bacteria  were  also  reported  earlier 
(Holmgren  and  Hanson,  1969;  Hurvell  and  Lindberg,  1973).  However,  the  anodic 
as  well  as  the  cathodic  migrating  components  were  not  characterized. 

The  purpose  of  this  study  is  to  report  the  immunoelectrophoretic 
characteristics  of  purified  LPS  fractions  isolated  from  whole  cells  of  S_. 
marcescens  resistant  and  sensitive  to  polymyxin  B. 

MATERIALS  AND  METHODS 

Two  non-clinical  strains  (08  and  Bizio)  were  supplied  by  Dr.  P. 
Alaupovic,  Oklahoma  Medical  Research  Foundation,  Oklahoma  City,  Oklahoma,  and 
four  clinical  isolates:  6292,  2736  (resistant  to  polymyxin  B)  and  13378  and 
3910  (sensitive  to  polymyxin  B)  were  provided  by  Dr.  Marcia  Miller  of  the 
Peoria  School  of  Medicine,  Peoria,  Illinois. 

All  strains  were  grown  in  an  enriched  media  with  aeration  and  harvested 
at  the  mid-log  phase  of  growth  (O.D.  =  0.500  at  625  nm)  (Tsang,  et  al.,  1974). 
Cells  were  harvested  and  lyophilized.  These  cells  were  then  treated  with  hot 
4570  aqueous  phenol,  by  a  slightly  modified  method  of  Tsang  et  al.  (1974).  The 
extractable  material  was  then  separated  into  the  fractions  free-LPS  (LPS-f) 
and  protein-bound-LPS  (LPS-b)  by  centrifugation  at  12,000  x  g. 

Antibodies  against  each  strain  were  prepared  by  heat  killing  10  mg  of 
whole  cell  bacteria  in  10  ml  of  0.97o  NaCl.  Two  ml  of  heat  killed  bacteria 
with  1  ml  of  Complete  Freund's  Adjuvant  were  administered  intraperitonea lly  to 
New  Zealand  White  Rabbits  at  5  day  intervals  for  3  successive  injections,  with 
a  final  booster  shot  of  3  ml  of  heat  killed  bacteria  with  1.5  ml  of  Freund's 
Adjuvant.  Antibodies  were  then  recovered  by  cardiac  puncture. 

Samples  for  Immunoelectrophoresis  were  prepared  by  dissolving  5  mg  of 
LPS  in  0.5  ml  of  0.97o  NaCl  and  0.5  ml  of  0.57,  SDS  in  tris  buffer  (0.05M,  pH 
7.6).  Immunoelectrophoresis  was  performed  in  17>  agar  plates  made  in  0.05M 


Veronal  ( S /P  )  buffer  pH  8.6,  with  a  current  of  lOma/frame  for  45  min  in  a 
Gelman  Deluxe  Electrophoresis  Chamber;  Antibodies  were  then  added  and  double 
gel  diffusion  (Ouchterlony ,  1962)  and  precipitation  was  allowed  to  occur  for 
24  hr  in  a  humidity  chamber  at  37°C.  Slides  were  then  washed  in  0.97o  NaCl 
for  twenty-four  hours  to  remove  any  free  proteins,  then  dried  and  stained  with 
Amido  Black. 


RESULTS  AND  DISCUSSION 


It  was  previously  reported  that  intact  LPS  from  a  polymyxin  B  resistant 
strain  of  S^.  marcescens  (08)  was  located  in  the  neutral  zone  after  immuno electro¬ 
phoresis  of  the  purified  LPS  fraction  (Tsang,  et  al. ,  1974).  The  position  of 
the  precipitin  arc  suggests  that  there  is  a  lack  of  charged  groups  in  the  in¬ 
tact  LPS  of  this  resistant  strain.  In  this  study,  this  behavior  will  be  com¬ 
pared  with  that  of  LPS  isolated  from  the  other  resistant  and  sensitive  strains 
of  S.  marcescens. 


Table  1  presents  the  relationship  of  the  minimal  inhibitory  concentra¬ 
tions  of  polymyxin  B  of  the  six  strains  with  the  corresponding  yields  of  their 
lipopolysaccharide  fractions.  In  general,  the  yields  of  total  LPS  (free  LPS  + 
protein-bound-LPS)  from  the  resistant  strains  are  considerably  higher  than  those 
of  the  sensitive  ones. 

The  immunoelectrophoretic  results  showed  that  LPS  preparations  from 
all  strains  were  antigenic  to  their  corresponding  antibodies.  All  fractions 
showed  the  presence  of  a  precipitin  arc  in  the  neutral  compartment.  These  re¬ 
sults  are  consistent  with  those  reported  for  S.  marcescens  (Tsang,  et  al.,  1974) 
as  well  as  for  other  gram  negative  bacteria  (Holmgren,  1969;  Hurvell  and  Lindberg, 

1973) .  However,  the  identification  of  the  anodic  and  cathodic  migrating  compo¬ 
nents  was  slightly  more  difficult.  With  the  exception  of  those  from  the  resis¬ 
tant  strain  08  of  S_.  marcescens ,  which  were  identified  as  the  protein  component 
of  the  endotoxin  and  the  side-chain  polysaccharide,  respectively  (Tsang,  et  al.  , 

1974) ,  the  anodic  and  cathodic  migrating  precipitin  arcs  cannot  be  generally 
categorized  as  either  the  protein  or  the  free  side-chain  polysaccharides  of  the 
LPS  molecules  (Orskov,  1970;  Homstein,  1972;  Larsson,  1973;  Orskov,  1973;  Bok- 
hout,  1974). 

Figures  1-6  show  the  immunoelectrophoretic  patterns  of  the  free-LPS  (LPS-f) 
and  protein-bound-LPS  (LPS-b)  of  the  resistant  strains  (Fig.  1-3)  and  sensitive 
strains  (Fig.  4-6).  Figure  la  shows  two  precipitin  components,  one  neutral,  and 
one  cathodic  migrating,  of  the-free-LPS  (LPS-f)  of  strain  08,  while  Figure  lb  show 
three  components  from  the  protein-bound-LPS  preparation  of  the  same  strain:  a 
neutral,  a  cathodic,  and  an  anodic  migrating  component.  These  results  agree 
with  previously  reported  observations  (Tsang,  et  al. ,  1974),  and  will  serve  as 
a  reference  for  comparison  with  the  LPS  fractions  extracted  from  the  other  five 
strains . 

The  free-LPS  fraction  (LPS-f)  from  6292  was  shown  to  contain  a  single 
homogenous  neutral  component  (Fig.  2a).  Although  the  protein-bound-LPS  fraction 
(LPS-b)  of  the  same  strain,  contained  an  identical  component,  its  intensity  was 
much  greater.  In  contrast  to  those  of  strain  08  and  6292,  the  free-LPS  of  2736 
contained  a  single  neutral  component  which  was  much  closer  to  the  antigen  well 
(Fig.  3a).  Similarly,  the  protein-bound-LPS  was  shown  to  contain  an  extremely 
intense  neutral  component  and  a  weak  anodic  migrating  one  (Fig.  3b).  With  the 
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exception  of  S^.  marcescens  08  where  all  precipitin  components  have  been  analyzed 
and  identified,  no  attempt  was  made  to  further  characterize  the  chemical  nature  of 
the  anodic  and  cathodic  migrating  components  in  the  other  two  resistant  strains. 

It  remains  uncertain  as  to  which  is  the  protein  component  of  the  endotoxin  or  the 
free  side-chain  polysaccharide  of  the  LPS  molecule. 

Figures  4-6  show  the  results  of  the  immunoelectrophoresis  of  the  LPS  pre¬ 
parations  from  the  sensitive  strains.  With  the  exception  of  those  from  3910, 
it  is  quite  apparent  that  the  free-LPS  fractions  from  the  sensitive  strains  were 
much  less  antigenic  with  their  antibodies  and  were  present  as  small,  faint  preci¬ 
pitin  lines  in  the  neutral  compartments  (Figures  4a  and  4b;  6a  and  6b).  In  ad¬ 
dition  to  the  neutral  component,  protein- bound- LPS  of  strain  Bizio  contained 
anodic  and  cathodic  migrating  components  (Fig.  4b).  Both  the  free-LPS  and  protein- 
bound-LPS  fractions  of  3910,  similar  to  those  from  the  resistant  strain  2736, 
contained  only  one  neutral  component  close  to  the  antigenic  wells  (Fig.  5a-5b). 

From  this  study,  it  can  be  demonstrated  (a)  although  there  was  a  slight 
difference  in  the  yields  of  LPS  from  resistant  and  sensitive  strains  of  S^  marcescens 
the  isolation  of  LPS  was  independent  of  their  antibiotic  susceptibility,  (b)  the 
isolated  LPS  fractions  were  antigenic  against  their  corresponding  antibodies  for 
each  strain,  (c)  the  neutral  components  were  identified  as  intact  LPS,  (d)  there 
was  no  difference  in  the  net  charge  of  the  intact  LPS  of  the  resistant  and  sensi¬ 
tive  strains,  and  (e)  additional  charged  components  were  present  in  some  strains, 
but  not  all. 

Even  though  there  seems  to  be  a  slightly  higher  yield  of  LPS  from  the  re¬ 
sistant  strains,  it  is  premature  to  attempt  to  correlate  the  immunoelectrophoretic 
characteristics  of  the  isolated  LPS  fractions  with  polymyxin  B  susceptibility  in 
_S.  marcescens .  However,  this  does  not  exclude  the  role  of  LPS  in  the  in  vivo 
antibiotic  resistance  mechanism  towards  various  antibiotics.  It  would  be  of  in¬ 
terest  to  study  the  immunoelectrophoretic  behavior  of  the  LPS  isolated  from  S^. 
marcescens  after  polymyxin  B  treatment. 
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Table  1.  The  relationship  of  the  minimal  inhibitory  concentrations  of 
polymyxin  B  with  yields  of  lipopolysacchar ides  from  Serra tia  marcescens . 


Strains 


MICa 

M-g/ml 


Yieldb 


Resistant 

08  1,000  17.1 

6292  1,000  20.7 

2736  1,000  3.6 

Sensitive 

Bizio  7.8  8.1 

3910  0.39  8.1 

13378  15.6  11.8 


MIC  =  minimal  inhibitory  concentration 
bYield  of  LPS  was  expressed  in  mg/g  of  dry  whole  cells 


153 


Figures  1,  2,  and  3. 


Immunoelectrophoretic  patterns  of'  Serratia  marcescens 
resistant  to  polymyxin  B.  Antibodies  in  the  three  cen¬ 
tral  troughs:  A:  against  whole  cell  08;  B:  against 
whole  cell  6292;  C:  against  whole  cell  2736.  Antigens 


applied : 
2b:  6292 


la:  08  LPS-f ; 
LPS-b;  3a:  2736 


lb:  08  LPS-b;  2a:  6292  LPS-f; 
LPS-f;  3b:  2736  LPS-b. 
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Figures  4, 


5 ,  and  6 . 


Immunoelectrophoretic  patterns  of  Serra tia  marcescens 
sensitive  to  polymyxin  B.  Antibodies  in  the  three  cen¬ 
tral  troughs:  D:  against  whole  cell  Bizio;  E:  against 
whole  cell  3910;  F:  against  whole  cell  13378.  Antigens 
applied:  4a:  Bizio  LPS-f;  4b:  Bizio  LPS-b;  5a:  3910 

LPS-f ;  5b:  3910  LPS-b;  6a:  13378  LPS-f;  6b:  13378 

LPS-b. 
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ABSTRACT 

The  population  density,  standing  crop  biomass, 
consuming  biomass,  diversity  and  standard  metabolism  of 
avian  and  mammalian  communities  were  quantified  over 
an  annual  cycle  from  studies  of  floodplain  and  upland 
forest  plots  in  Hart  Woods,  Champaign  County,  Illinois. 

The  floodplain  bird  and  mammal  populations  each  con¬ 
sistently  had  greater  population  density,  standing 
crop  biomass,  consuming  biomass  and  standard  metabolism 
than  their  counterparts  on  the  upland.  Avian  diversity 
was  highest  on  the  floodplain.  Total  annual  minimal 
energy  budgets  are:  floodplain  mammals,  3,846  Meal; 
floodplain  birds,  3,371  Meal;  upland  mammals,  2,684 
Meal;  and  upland  birds,  2,214  Meal. 

INTRODUCTION 


Surveys  of  mammals  and  birds  present  in  deciduous  forest  are 
commonplace  in  biological  literature.  Population  estimates  of  single 
species  or  censuses  of  total  avian  or  mammalian  populations  are  frequently 
encountered.  There  have  been,  however,  few  attempts  to  quantify  simul¬ 
taneously  the  populations  of  both  groups  at  a  single  site  through  an 
entire  annual  cycle.  The  following  study  was  made  because  it  was  felt 
that  such  an  analysis  might  give  new  information  about  the  relative 
importance  of  these  two  components  of  deciduous  forest  and  further 
reveal  how  these  communities  interact. 

The  population  data  for  this  study  were  obtained  in  Hart  Memorial 
Woods,  a  streamside  forest  on  the  east  bank  of  the  Sangamon  River  in 
Champaign  County,  Near  Mahomet,  Illinois.  This  area  consists  of  5*4 
hectares  (13-5  acres)  of  bottomland  or  floodplain  and  9-6  hectares 
(24.0  acres)  of  upland  forest  and  is  part  of  a  larger  forested  area. 

A  description  of  the  vegetation  of  this  forest  has  been  published 
elsewhere  (Root,  1966;  Blem  and  Blem,  In  press). 

METHODS 

Avian  populations  were  assessed  by  means  of  transect  counts  along 
rows  of  stakes  set  at  50  M  intervals  throughout  the  forest.  Obvious 
transients  were  excluded  from  the  data.  Three  or  more  counts  were  made 
per  month  from  February,  1966,  through  September,  1967-  In  addition. 
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a  singing  male  census  was  made  by  the  spot-map  method  (Williams,  1936; 
Kendeigh,  19^)  from  March  through  August  of  both  years. 

Wooden  live  traps  (Fitch,  1950)  placed  at  15  M  intervals  were  used 
to  capture  small  mammals  on  a  1.8  hectare  grid  on  the  upland  and  a  1.3 
hectare  grid  on  the  floodplain.  Mammals  were  collected  from  August, 

1966,  through  August,  1967,  on  the  floodplain.  Censuses  were  made  each 
month  except  December,  1966,  January,  1967 ,  and  May,  1967,  when  weather 
conditions  or  flooding  made  trapping  impossible.  Ambient  temperature 
was  recorded  by  thermographs  maintained  on  each  plot  throughout  the 
study.  Ten  trapping  periods  each  of  eight  consecutive  days  were 
completed  in  both  areas.  Population  levels  of  the  white-footed  mouse, 
Peromyscus  leucopus ,  were  estimated  by  means  of  Jolly’s  (1965) 
stochastic  model  (Blem  and  Blem,  In  press).  Absolute  numbers  were 
used  as  population  estimates  of  small  mammals  other  than  Peromyscus , 
since  capture-recapture  data  were  insufficient  for  the  stochastic 
model.  The  species  involved  are  shorttail  shrew,  Blarina  brevicauda , 
least  shrew,  Cryptotis  parva,  prairie  vole,  Microtus  ochrogaster,  pine 
vole ,  Microtus  pinetorum,  house  mouse ,  Mus  muse ulus ,  and  Norway  rat , 

Rattus  norvegicus.  Densities  of  fox  squirrels,  Sciurus  niger,  eastern 
cottontail,  Sylvilagus  floridanus ,  and  woodchuck,  Marmota  monax,  were 
determined  from  maps  of  repeated  observations  during  transect  counts. 

The  occurrence  of  white-tailed  deer,  Odocoileus  virginianus ,  red  fox, 

Vulpes  fulva,  striped  skunk,  Mephitis  mephitis ,  longtail  weasel,  Mustela 
frenata,  muskrat.  Ondatra  zibethicus,  raccoon,  Procyon  lotor,  and  opossum, 
Didelphis  virginiana,  was  of  a  transitory  nature,  and  these  species  are 
not  included  in  the  following  analyses.  Bats  were  observed  but  neither 
identified  nor  quantified  and  are  also  omitted  from  the  total  census. 

A  crude  estimate  of  the  number  of  eastern  moles,  Scalopus  aquaticus , 
was  obtained  by  plotting  substrate  disturbances  on  the  grids. 

Diversity  was  calculated  as  H'=l/N  (N  log-^Q  N  -  En^  logj_Q  n^),  where 
N  is  the  total  population  and  n^  is  the  number  of  individuals  of  species 
i  (Lloyd,  Zar,  and  Karr,  1968).  Standing  crop  biomass  (SCB)  was  computed 
from  published  live  weights  of  the  appropriate  species  and  our  population 
estimates.  Consuming  biomass  (CB)  was  obtained  by  summing  weights  adjusted 
to  the  exponent  most  closely  related  to  metabolism  in  the  group  (Salt, 

1957;  Crowell,  1962).  Metabolic  rate  of  passerine  and  nonpasserine  birds, 
when  considered  as  separate  groups,  varies  in  proportion  to  body  weight 
to  the  0.72  power  (Lasiewski  and  Dawson,  1967),  while  mammalian  metabolism 
increases  with  weight  to  the  0.75  power  (Kleiber,  1961 ) .  Standard  metabolism 
is  a  minimal  level  of  metabolism,  usually  measured  while  the  animal  is  at  rest 
in  a  postabsorptive  condition,  and,  as  defined  by  Kendeigh  (1969),  may 
include  the  energetic  costs  of  thermoregulation.  Metabolism  of  free-living 
animals  is  influenced  by  many  factors  including  diet,  activity,  behavior, 
season,  time  of  day  and  population  density  (Buckner,  196U).  Since  it  was 
impossible  to  measure  the  effects  of  all  of  these  factors,  standard 
metabolic  rates  of  total  populations  were  calculated  in  order  to  compare 
the  minimum  energy  requirements  of  the  mammal  and  bird  communities. 
Kilocalories  per  animal-day  was  obtained  from  the  following  equations: 

Passerines  (Kendeigh,  1969)  0°C  SM=4.77  W  0.^17 

30°C  SM=0. 88  W  °-693 


p  A  /T 

Nonpasserines  (Kendeigh,  19&9)  0°C  SM=3.3^  W 

30°C  SM=0.51  W  0 ' '1T 


Rodents  (computed  from  published  values  from  many  sources) 

0°C  SM=2.62  W  °'5T9  (n=1+6) 

30°C  SM=0.4l  W  0 (N=32) 

where  SM  is  standard  metabolism  in  Kcal /animal-day  and  W  is  weight  in  g. 

Interpolations  proportional  to  mean  monthly  temperatures  were  made 
between  equations  so  as  to  predict  minimal  daily  energy  expenditures. 

The  daily  standard  metabolism  of  mammals  other  than  rodents  was 
calculated  from  published  values  from  many  sources.  Total  standard 
metabolism  (SM)  is  expressed  in  megacalories  (Meal)  which  equal  10^ 

Kcal.  Annual  energy  budgets  were  calculated  by  summing  daily  SM 
estimates  multiplied  by  days  in  the  month.  Interpolated  values  were 
used  for  those  months  in  which  data  were  lacking.  Paired  t-tests  were 
used  to  compare  coincident  monthly  estimates  of  population  density, 

SCB,  CB,  and  SM.  A  5%  level  of  significance  was  used  in  all  statistical 
tests . 


RESULTS 

Eighteen  species  of  mammals  were  detected  on  both  study  plots  (see 
Methods).  The  white-footed  mouse  and  shorttail  shrew  were  the  most 
abundant  of  eleven  resident  species.  Thirty-five  species  of  birds 
were  censused  on  both  plots.  The  most  abundant  were  Red-headed  Wood¬ 
pecker,  Melanerpes  erythrocephalus ,  Cardinal,  Cardinalis  cardinalis, 
and  Tufted  Titmouse,  Parus  bicolor .  A  complete  list  of  the  population 
density,  diversity,  standing  crop  biomass,  consuming  biomass  and 
metabolism  of  all  species  recorded  on  both  plots  is  available  from  the 
authors  upon  request. 

Size  and  diversity  of  total  avian  populations  are  consistently 
greater  on  the  floodplain.  Number  of  species  and  individuals,  diversity, 
SCB,  CB  and  SM  for  the  two  study  areas  are  statistically  different. 
Maximum  population  density,  SCB  and  CB  occur  during  July  and  August  at 
both  sites.  Diversity  indices  are  highest  and  fairly  stable  from 
May  through  August.  Average  maximum  floodplain  SCB  and  CB  is  2.1  X 
values  for  the  upland.  Peak  SM  occurs  in  July  and  August,  and  average 
floodplain  values  for  these  months  are  1.4  X  upland  values.  The  annual 
avian  energy  budget  for  SM  amounts  to  3,371  Mcal/100  acres  in  the 
floodplain,  or  about  1.5  X  the  annual  energy  budget  of  2,214  Mcal/100 
acres  calculated  for  the  upland. 

Although  floodplain  mammal  populations  are  significantly  larger 
than  those  of  the  upland,  no  difference  in  number  of  species  or 
diversity  was  detected.  Maximum  population  density  during  this  study 
occurred  in  July  and  August  on  the  upland  and  August  through  September 
on  the  floodplain.  Upland  SM  is  greatest  in  October  and  September  in 
the  upland  and  floodplain  forests  respectively.  Plot  differences  in 
SCB,  CB  and  SM  are  all  statistically  significant.  Maximum  floodplain 
SCB,  CB  and  SM  are  2.3,  1.9  and  1.8  X  larger  than  corresponding  upland 
values.  The  annual  mammalian  energy  budget  of  the  floodplain  is  3,846 
Meal,  and  is  1.4  X  greater  than  the  upland  estimate  of  2,684  Meal. 
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Table  1.  Population  densities  per  100  acres  (=  40  hectares).  Number 

of  species  is  in  parentheses. 


Time  interval 

Floodplain 

Upland 

Birds 

Mammals 

Birds 

Mammals 

Feb.  1966 

237 

(7) 

— 

227  (11) 

— 

March 

274 

(11) 

— 

237  (13) 

— 

April 

366 

(18) 

— 

273  (13) 

— 

May 

813 

(28) 

— 

439  (22) 

— 

June 

919 

(27) 

— 

510  (21) 

— 

July 

1335 

(27) 

— 

624  (21) 

— 

Aug. 

1335 

(27) 

— 

624  (21) 

1159  (6) 

Sept . 

243 

(13) 

1608  (6) 

198  (8) 

946  (6) 

Oct . 

273 

(11) 

1610  (7) 

189  (10) 

754  (7) 

Nov. 

355 

(12) 

1339  (5) 

206  (10) 

342  (6) 

Dec . 

370 

(12) 

— 

198  (10) 

— 

Jan.  1967 

363 

(12) 

— 

188  (10) 

— 

Feb. 

370 

(12) 

582  (6) 

188  (10) 

321  (6) 

March 

267 

(12) 

360  (7) 

165  (11) 

287  (6) 

April 

302 

(16) 

369  (5) 

170  (13) 

196  (5) 

May 

867 

(23) 

— 

440  (21) 

— 

June 

1053 

(26) 

282  (5 ) 

637  (21) 

466  (6) 

July 

1513 

(26) 

1046  (6) 

674  (21) 

900  (7) 

Aug. 

on 

1 — 1 

Lf\ 

1 — 1 

(26) 

1395  (7) 

674  (21) 

880  (7) 

Sept . 

251 

(13) 

1250  (6) 

209  (8) 

_ 
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Table  2.  Standing  crop  biomass  (B)  and  consuming  biomass  (CB)  in  Kg 

per  100  acres  (=  40  hectares). 

Time  interval  _ Floodplain _  _ Upland _ 

Birds  Mammals  Birds  Mammals 


B 

CB 

B 

CB 

B 

CB 

B 

CB 

Feb.  19 66 

8.6 

2.8 

- 

— 

12.5 

3.5 

- 

- 

March 

10.3 

3.3 

- 

- 

13.5 

3.8 

- 

- 

April 

19.5 

5-5 

- 

- 

17.0 

4.7 

- 

- 

May 

37.9 

11.1 

- 

- 

24.0 

6 . 6 

- 

- 

June 

Ul.9 

12.4 

- 

- 

26.8 

7.5 

- 

- 

July 

63.9 

18.6 

- 

- 

32.3 

9.1 

- 

— 

Aug. 

63.9 

18 . 6 

- 

- 

32.3 

9-1 

53.8 

15.6 

Sept . 

14.5 

4.0 

124.2 

30.0 

12.1 

3.3 

50.7 

14. 0 

Oct . 

13-0 

3.8 

80.8 

22.8 

9-1 

2.6 

40.2 

11.2 

Nov . 

17.2 

4.9 

42.2 

15.6 

8.5 

2.5 

27.4 

3.9 

Dec . 

16.8 

5.0 

- 

- 

8.3 

2.4 

- 

- 

Jan.  1967 

15.9 

5.1 

- 

- 

7.6 

2.1 

- 

- 

Feb. 

19.7 

5.4 

26.8 

7.3 

6.4 

2.0 

34.2 

7-8 

March 

9-6 

3.0 

58.7 

10.7 

6.8 

2.1 

29.6 

6.9 

April 

16 . 8 

4.7 

83.7 

14.5 

11.3 

3.1 

28.0 

6.0 

May 

1+0.1 

11.9 

- 

- 

22.0 

6.1 

- 

- 

June 

46.3 

13.8 

94.7 

16.2 

32.3 

9.1 

34.5 

8.9 

July 

70.8 

20.8 

107.4 

23.4 

33.2 

9.4 

53.0 

l4. 9 

Aug. 

70.8 

20.8 

113.2 

26.1 

33.2 

9-4 

54.1 

15.4 

Sept . 

-  14.5 

4.0 

111.2 

25.2 

12.0 

3.3 

_ 

_ 
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Upland  avian  populations  consistently  have  fewer  total  individuals 
of  more  species  and  greater  diversity  than  their  mammalian  counterparts. 
Upland  mammal  populations  have  greater  SCB  and  CB  than  avian  populations, 
and  except  for  June  through  August,  use  a  greater  amount  of  energy. 
Monthly  differences  between  bird  and  mammal  estimates  are  statistically 
significant  in  all  of  the  above  comparisons. 

DISCUSSION 


Although  the  number  of  species  of  breeding  birds  at  both  sites 
is  not  exceptionally  large,  population  densities  exceed  previous 
estimates  in  similar  habitats  in  Illinois  (Fawver,  19*+7 ;  Case,  196k;  Karr, 
1969).  Modification  of  the  communities  by  the  death  and  decay  of  elms 
may  be  partly  responsible  for  such  large  populations.  For  example, 
woodpeckers  make  up  25.6  and  27.*+%  of  the  total  floodplain  avifauna  for 
1966  and  1967  respectively;  upland  values  are  l*+.6  and  20.0%.  Karr 
(1969)  censused  undisturbed  bottomland  and  upland  forest  with  many  dead 
elms  in  east-central  Illinois  in  1966;  19*2  and  25.2%  of  these  species 
in  these  respective  avian  communities  were  woodpeckers.  Population 
densities  of  Red-headed  Woodpeckers  at  Hart  Woods  during  the  course  of 
our  study  were  the  highest  we  have  encountered. 

Two  avian  population  peaks  (excluding  transients)  occur  during  the 
year  in  both  habitats.  The  larger  peak  occurs  at  the  end  of  July  and 
beginning  of  August  after  nesting  is  completed.  At  the  end  of  the 
nesting  period  and  raising  of  young  there  is  a  rapid  decrease  in  the 
size  of  the  population.  This  decrease  is  similar  to  that  demonstrated 
by  Williams  (1936),  Twomey  (l9*+5)  and  Fawver  (l9*+7).  By  September, 
the  population  reaches  an  annual  low.  At  this  time  nearly  all  summer 
residents  have  departed,  and  many  of  the  winter  residents  have  not 
yet  arrived.  The  second  peak  occurs  in  winter  from  November  to 
February  when  winter  residents  attain  maximum  population  densities. 
Although  individuals  of  permanent  resident  species  remain  throughout 
the  year,  population  density  fluctuates  somewhat.  For  example,  many 
Red-headed  Woodpeckers  winter  in  Hart  Woods  during  some  years,  but  the 
species  may  be  absent  during  other  winters,  possibly  because  of  scarcity 
of  food.  Avian  diversity  was  greatest  on  both  sites  during  summer 
(May-August),  and  was  lowest  in  midwinter.  Standing  crop  biomass, 
consuming  biomass  and  standard  metabolism  all  reach  highest  levels  in 
July  and  August  when  population  densities  were  greatest. 

Peak  mammalian  population  density,  standing  crop  biomass,  consuming 
biomass  and  standard  metabolism  were  obtained  in  August-October ,  or 
roughly  during  the  period  in  which  the  avian  population  is  lowest. 

Spring  populations  (February-April )  are  more  diverse,  probably  because 
of  the  increased  equitability  of  numbers  of  individuals  within  a  similar 
number  of  species.  Large  numbers  of  Peromyscus  leucopus  are  responsible 
for  much  of  the  autumnal  peak. 

Differences  between  floodplain  and  upland  populations  do  not 
completely  coincide  with  predicted  successional  changes,  possibly 
because  of  the  increased  spatial  heterogeneity  that  accompanied  the 
death  of  floodplain  elms  and  the  ensuing  opening  of  the  bottomland 
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Table  3.  Diversity  (H' )  and  standard  metabolism  (SM)  in  Mcal/100 


per  day  (100  acres  =  40  hectares). 

Time  interval  _ Floodplain _  _ Upland _ 

Birds  Mammals  Birds  Mammals 


H 

SM 

H 

SM 

H 

SM 

H 

SM 

Feb.  1966 

1.82 

5.1 

- 

- 

1.92 

5.8 

- 

- 

March 

2.11 

5-1 

- 

- 

2.08 

5.4 

- 

- 

April 

2.47 

7.4 

- 

- 

1.98 

6 . 0 

- 

- 

May 

3.14 

13.9 

- 

- 

2.87 

7-9 

- 

- 

June 

3.14 

15.1 

- 

- 

2.73 

9.5 

- 

- 

July 

3.04 

14.3 

- 

- 

2.79 

9.8 

- 

- 

Aug. 

3.04 

16. 6 

- 

- 

2.79 

11.0 

1.02 

8.1 

Sept . 

2.32 

4.7 

0.72 

17-7 

1.82 

3.7 

1.06 

9.6 

Oct . 

2.24 

5.4 

0.89 

16.0 

2.07 

3.6 

1.06 

9.8 

Nov. 

2.21 

7.1 

0.71 

15.6 

2.10 

3.9 

1. 04 

6.3 

Dec . 

2.19 

8.6 

- 

- 

2.09 

4.1 

- 

- 

Jan.  1967 

2.13 

8.7 

- 

- 

2.03 

4.1 

- 

- 

Feb’. 

2.17 

9.6 

1.39 

7.8 

2.03 

4.0 

1.25 

8.2 

March 

2.28 

4.8 

1.47 

4.0 

2.16 

4.2 

1.42 

6.3 

April 

2 . 66 

5-9 

1.09 

3.8 

2.38 

3.7 

1.28 

4.3 

May 

2.91 

11.2 

- 

- 

2.86 

6.2 

- 

- 

June 

3.19 

12.5 

1.21 

6.0 

2.8l 

9.0 

1.29 

5.4 

July 

3.21 

14. 5 

1.12 

ll.l 

2.80 

1 — 1 

1 — 1 

1.29 

9-3 

Aug. 

3.21 

15.4 

1.15 

14. 0 

0 

CO 

CM 

12.0 

1.28 

9-5 

Sept . 

2.45 

4.8 

1.07 

15.1 

1.64 

3.8 

_ 

_ 

acres 
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canopy.  Among  expected  successional  trends  (Margalef,  1958,  1963; 

Odum,  1969)  are  increased  organismic  size,  increased  biomass,  decreased 
energy  flow  per  unit  biomass  and  decreased  diversity  in  late  serai 
stages.  Over  the  entire  year,  average  bird  size  is  greater  for  upland 
forest  (50.8  +_  1.8  g)  than  floodplain  (47.3  +_  1.4  g),  and  is  similar 
to  average  size  of  breeding  birds,  50.5  and  47.4  g,  respectively. 
Floodplain  mammals  average  larger  (120.3  ±  30.3  g)  than  those  of  the 
upland  (78.O  +_  9*7  g)  although  there  is  considerable  variation  at  both 
sites.  Biomass  of  mammals  and  birds  is  consistently  greater  on  the 
floodplain.  Energy  expenditure  in  terms  of  standard  metabolism  per 
unit  biomass  is  similar  for  birds  at  both  sites  (0.377  +_  0.026  Mcal/Kg-day 
on  floodplain,  0.382  +_  0.025  on  upland)  but  is  greater  for  mammals  of 
the  upland  forest  than  on  the  floodplain  (0.193  +_  0.011  Mcal/Kg-day 
and  0.154  +_  0.033,  respectively).  Diversity  is  lower  in  the  upland 
avian  community,  but  there  is  no  significant  difference  between 
mammalian  diversities. 
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USE  OF  A  DISPOSABLE  BEVERAGE  CAN  BY  FRESHWATER  CLAMS,  SPHAERIUM  SECURIS 
William  S.  Vinikour  and  Richard  V.  Anderson 

Department  of  Biological  Sciences,  Northern  Illinois  University, 

Dekalb,  Illinois  60115 

Abstract.  USE  OF  A  DISPOSABLE  BEVERAGE  CAN  BY  FRESHWATER 
CLAMS ,  SPHAERIUM  SECURIS.  A  population  inhabiting  a 
disposable  beverage  can  was  collected  fran  Waterford, 

Wisconsin.  The  population  was  maintaining  itself  via 
reproduction.  A  population  of  caddis  fly  larvae  were 
also  residing  in  the  can.  The  populational  interrela¬ 
tionships  were  discussed. 

On  9  Aug.  1973  while  sampling  a  riffle- rapid  area  of  the  Fox  River 
approximately  15  m  below  the  weir  at  Waterford,  Wis.,  a  partly  corroded, 
disposable  beverage  can  was  collected.  Examination  revealed  a  large 
population  of  the  clam,  Sphaerium  secris ,  inside.  Though  a  normal  in¬ 
habitant  of  sheltered  parts  of  rivers  (Baker,  1898) ,  the  S_.  securis 
population  was  able  to  maintain  itself  in  the  riffle  area  because  the 
closed  portion  of  the  can  faced  into  the  current  thus  providing  shelter 
frcm  the  current. 

The  dense  aggregation  of  the  clams  and  large  variation  in  their 
size  (Fig.  1)  indicated  an  actively  reproducing  population.  Pennak  (1953) 
stated  that  iirmature  Sphaeriidae  develop  shells  and  morphological  fea¬ 
tures  of  the  adults.  It  is  apparent  from  the  variation  in  size  observed 
that  mature  and  immature  individuals  were  present. 

In  addition  to  S_.  securis  many  Trichoptera  (caddis  fly)  larvae, 
mostly  Hydropsyche  bifida,  had  colonized  the  can.  Clams  benefited  by 
this  relationship  since  the  trichopteran  cases  provided  additional  sub¬ 
strate  and  support  for  the  clams.  The  clams  probably  derived  food  fran 
the  plankton  and  detritus  entrapped  by  the  tricopterans ,  while  the  larvae 
utilized  the  clams  as  portions  of  their  loosely  formed  cases. 

The  use  of  trash  as  habitat,  especially  items  such  as  disposable 
beverage  cans,  are  being  increasingly  reported  in  the  literature. 

Notable  are  reports  of  Kottcamp  and  Moyle,  1972  (fish)  and  Behrens,  1975 
(Asiatic  clam,  Corbicula  manillensis) .  The  use  of  beverage  cans  as  habi¬ 
tat  can  allow  organisms,  such  as  Sphaerium  securis  or  those  mentioned 
above,  to  colonize  an  area  that  they  would  normally  not  inhabit. 
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Figure  1. 


Populations  of  S_.  securis  and  H.  bifida  in  an  opened  beverage 
container.  Note  the  aggregation  and  size  range  of  S.  securis . 
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UNSUCCESSFUL  ATTEMPTS  BY  BULLFROGS  TO  EAT  TOADS 

John  K.  Tucker  and  Michael  E.  Sullivan 
Department  of  Biological  Sciences,  Illinois  State  University 

Normal,  Illinois  61761 


Abstract. - -Rana  catesbeiana  were  observed  attempting 
to  eat  Buf o  on  two  separate  occasions.  In  both 
instances  the  frogs  regurgitated  the  toads.  Our 
observations  demonstrate  that  adult  venom- covered 
Bufo  are  unpalatable  to  R.  catesbeiana . 

Dickerson's  (1931)  statement  that  the  bullfrog  (Rana  ca tesbeiana ) 
will  eat  any  moving  object  that  he  can  swallow  or  partially  swallow  has 
been  widely  accepted.  On  two  separate  occasions  we  have  observed  R. 
catesbeiana  unsuccessfully  attempting  to  eat  male  Bufo .  The  senior 
author  placed  an  adult  male  Fowler's  toad,  Bufo  woodhousei  fowleri,  into 
a  20  gallon  aquarium  (arranged  so  that  two-thirds  of  the  bottom  was 
under  water)  housing  three  adult  bullfrogs,  two  males  and  one  female. 

Almost  immediately  the  toad  was  swallowed  by  the  female  bullfrog. 
Approximately  one  minute  later  the  bullfrog  regurgitated  the  toad  whose 
anterior  end  was  covered  by  white  slime  (presumably  parotoid  secretions). 
This  same  toad  was  then  seized  by  one  of  the  males  and  immediately 
dropped.  Ten  minutes  later  three  more  B.  w.  fowleri  were  placed  in  the 
tank  and  all  bullfrogs  made  several  more  unsuccessful  attempts  to 
swallow  toads.  In  an  independently  observed  situation  the  junior  author 
watched  a  large  R.  catesbeiana  ingest  an  adult  male  B.  a.  americanus . 

The  bullfrog  quickly  regurgitated  the  slime  covered  toad.  Although  none 
of  the  bullfrogs  that  we  observed  were  able  to  retain  a  toad,  they 
appeared  to  be  otherwise  little  affected  by  the  toad  secretions. 

Brown  (1974)  reported  that  parotoid  secretions  of  adult  J3.  woodhousei 
(B.  w.  woodhousei ,  Brown,  pers.  com.)  and  _B.  vail iceps  immobilized  large 
R.  catesbeiana .  Brown  (1974)  also  pointed  out  that  Bufo  have  only  rarely 
been  found  in  the  diet  of  bullfrogs.  Our  observations  support  Brown's 
(1974)  suggestion  that  adult  venom-covered  Bufo  are  unpalatable  to  R. 
ca  tesbeiana  . 
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MYXOMYCETES  OF  BLACKHAWK  STATE  PARK,  ROCK  ISLAND,  ILLINOIS 

Ralph  Troll 
Department  of  Biology 
Augustana  college 
Rock  Island,  Illinois  61201 

ABSTRACT  -  A  survey  of  the  Myxomycetes  of 
Blackhawk  State  Park,  Rock  Island,  Illinois 
yielded  twenty-five  species.  Among  these, 

Stemonitis  pallida  Wingate  and  Physarum  f lavi comum 
Berk.,  are  new  to  the  state.  This  brings  the 
total  number  of  species  of  Myxomycetes  reported 
from  Illinois  to  149. 

Blackhawk  State  Park  is  located  on  the  south  edge  of, 
but  within  the  City  of  Rock  Island.  It  covers  207  acres  of 
rolling  slopes  and  virgin  deciduous  woods.  On  the  north, 
east,  and  west  sides  of  the  park  are  residential  areas.  On 
the  south  side,  the  park  borders  on  the  Rock  River. 

The  relatively  sparse  tree  population  is  composed  of 
Quercus  rubra  L. ,  Q.  velutina  Lam. ,  Q.  alba  L. ,  Q.  macrocarpa 
Michx. ,  Gleditsia  triacanthos  L. ,  Robinia  pseudoacacia  L. , 
Platanus  occidentalis  L. ,  Acer  negundo  L. ,  A.  saccharinum  L. , 
Populus  deltoides  Marsh.,  Carya  ovata  (Mill.)  K.  Koch,  Prunus 
serotina  Ehrh. ,  Catalpa  bignonioides  Walt. ,  Cercis  canadensis  L. , 
and  Tilia  americana  L.  The  rather  dense  ground  cover  of 
mosses,  ferns,  and  other  herbaceous  plants  is  characteristic 
throughout  most  of  the  park. 

Collections  were  obtained  primarily  from  six  different 
sites  in  the  park  over  a  period  of  four  years  (1967-1970) . 

Most  specimens  were  obtained  on  decaying  matter,  usually  wood. 
None  were  raised  in  moist  chambers.  Species  names  utilized 
are  those  accepted  by  Martin  and  Alexopoulos  (1969) .  All  are 
deposited  in  the  Herbarium  of  Augustana  College,  Rock  Island, 
Illinois . 

The  most  ubiquitous  species  in  the  park  are  Hemitrichia 
clavata  (Pers.)  Rost.,  H.  stipitata  (Massee)  Macbr . ,  Metatrichia 
vesparium  (Batsch)  Nann.-Brem. ,  Arcyr ia  cinerea  (Bull.)  Pers., 
Stemonitis  axifera  (Bull.)  Macbr.,  and  S.  fusca  Roth.  Stemonitis 
pallida  Wingate  and  Physarum  flavicomum  Berk,  are  new  records 
for  the  state. 
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SYSTEMATIC  ARRANGEMENT  OF  SPECIES  COLLECTED 


Ceratiomyxales 

Ceratiomyxaceae 

1.  Ceratiomyxa  f ruticulosa  (Muell.)  Macbr . 
Liceales 

Reticulariaceae 

2.  Lycogala  epidendrum  (L.)  Fries 

3 .  Lycogala  exiguum  Morgan 
Cribrariaceae 

4.  Dictydium  cancellatum  (Batsch)  Macbr. 
Trichiales 

Trichiaceae 

5.  Perichaena  chrysosperma  (Currey)  A.  Lister 

6.  Arcyria  cinerea  (Bull.)  Pers. 

7.  Arcyria  denudata  (L.)  Wettst. 

8.  Metatrichia  vesparium  (Batsch)  Nann.-Brem. 

9.  Hemitrichia  clavata  (Pers.)  Rost. 

10.  Hemitrichia  stipitata  (Mas see)  Macbr. 

11.  Trichia  varia  (Pers.)  Pers. 

Stemonitales 

Stemonitaceae 

12.  Stemonitis  axif era  (Bull.)  Macbr. 

13.  Stemonitis  f lavogenita  Jahn 

14.  Stemonitis  f usca  Roth 

15.  Stemonitis  pallida  Wingate 

16.  Stemonitis  smithii  Macbr. 

17.  Stemonitis  splendens  Rost. 

18.  Lamproderma  arcyrioides  ( Sommer f.)  Rost. 

19.  Comatricha  pulchella  (C.  Bab.)  Rost. 

20.  Comatricha  typhoides  (Bull.)  Rost. 
Physarales 

Physaraceae 


21. 

Physarum 

didermoides  (Pers.) 

22  . 

Physarum 

flavi comum  Berk. 

23  . 

Physarum 

notabile  Macbr. 

24. 

Physarum 

nutans  Pers. 

25. 

Physarum 

viride  (Bull.)  Pers. 
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HIRAM  FREDRICK  THUT 
L900-L974 

John  E.  Ebinger  and  CharLes  B.  Arzeni 
Eastern  ILLinois  University,  Charleston,  61920 

Dr.  Hiram  F.  Thut,  professor  of  botany  at  Eastern  ILLinois  Univer¬ 
sity,  died  at  6:30  A.M.  on  Monday  the  23rd  of  December,  1974,  in 
Charleston,  ILLinois.  His  Long  and  distinguished  career  as  a  teacher 
and  enthusiastic  botanist  came  to  an  end  after  a  proLonged  fight  with 
cancer.  Even  when  serious Ly  iLL,  however,  he  aLways  had  time  to  help 
others  and  to  give  advice  on  pLants  and  gardening.  UntiL  Late  Last  faLL 
he  wouLd  occasionaLLy  take  short  fieLd  trips,  and  go  to  friends  homes 
to  enjoy  their  gardens  and  to  answer  questions  about  pLants. 

Dr.  Thut  was  born  on  October  21,  L900,  in  ALLen  County,  Ohio.  Most 
of  his  botanicaL  training  and  earLy  teaching  aLso  took  pLace  in  Ohio. 

He  received  his  B.A.  degree  in  bioiogicaL  sciences  from  BLuffton  CoLLege, 
BLuffton,  Ohio,  in  L92S,  and  his  M.A.  and  Fh.D.  degrees  in  L926  and 
L930,  respectively,  from  Ohio  State  University,  where  he  specialized  in 
plant  physioLogy.  After  taking  his  degree.  Dr.  Thut  taught  at  Ohio  State 
University  in  L930-3L,  and  at  ALabama  PoLytechnic  Institute  in  L932-33 
before  coming  to  Eastern  ILLinois  University  in  L933. 

WhiLe  at  Ohio  State  University  he  conducted  many  experiments  demon¬ 
strating  the  Lifting  power  of  evaporation  and  transpiration.  He  became 
weLL  known  due  to  the  two  papers  that  he  pubLished  on  this  subject.  In 
the  first  articLe,  he  described  how,  by  using  an  Askenasy  apparatus,  it 
was  possibLe  to  raise  a  coLumn  of  mercury  226.6  cm.  This  is  equivalent 
to  lifting  a  column  of  water  about  100  feet.  Later  he  conducted  simiLar 
experiments  using  plant  material.  Not  only  did  he  substantiate  and  expand 
on  the  results  of  earlier  workers,  but  he  also  made  the  experiment  more 
practical  for  cLassroom  demonstration.  Many  students  taking  generaL 
botany  at  Eastern  ILLinois  University  stiLl  remember  the  transpiration 
puLL  experiment  that  he  set  up  each  year. 

ALthough  weLL  versed  in  many  botanical  subjects,  including  genetics, 
economic  botany,  pLant  taxonomy,  and  plant  physioLogy,  Dr.  Thut’s  first 
"Love”  was  general  botany.  WhiLe  at  Ohio  State  University  he  had  assisted 
Dr.  H.  C.  Sampson  and  Dr.  L.  H.  Tiffany  in  the  deveLopment  of  what  is  now 
known  as  the  Ohio  State  Method  of  teaching  generaL  botany.  He  brought 
this  method  to  Eastern  ILLinois  University  where  he  modified  and  adapted 
it  into  an  exceLLent  generaL  botany  program.  Dr.  Thut  aLways  feLt  that 
the  goaL  of  a  generaL  botany  course  shouLd  be  to  study  pLants  so  they  are 
known  and  enjoyed,  not  necessarily  for  commercial  purposes,  but  as  an 
enjoyabLe  avocation.  His  enthusiasm  and  skiLl  as  a  teacher  inspired 
numerous  students  to  major  in  botany.  Even  the  non-majors  left  his 
course  with  a  keen  awareness  of  the  out-of-doors. 
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Dr.  Thut  beLieved  that  the  acquiring  of  fresh  material  for  class 
was  indispensable  in  the  teaching  of  general  botany.  This  conviction 
prompted  him  to  outline  his  philosophy  in  two  articles  in  the  Plant 
Science  Bulletin.  Here  he  stated  that  "After  many  years  of  experimentat¬ 
ion  along  the  lines  of  procedure  and  material,  I  have  found  that  the 
most  meaningful  course  was  one  in  which  live,  fresh  material  was  abund¬ 
ant".  To  him  the  teaching  of  general  botany  was  a  way  of  life,  for  one 
was  constantly  looking  for  fresh  plants  and  new  ideas.  This  belief  in 
the  use  of  living  material  accounted  for  so  many  of  his  students  going 
on  into  graduate  school.  "They  simply  fell  in  love  with  plants".  Dr. 
Thut  was  also  firm  in  the  conviction  that  field  trips  for  the  purpose  of 
looking  at  plants  and  studying  their  habitats  were  an  indispensable 
part  of  nearly  every  botany  course.  His  own  excursions  with  students, 
"for  the  joy  of  seeing  and  discovery",  carried  him  as  far  as  the  Smoky 
Mountains  of  Tennessee  and  the  Rocky  Mountains  of  Colorado. 

At  Eastern  Illinois  University,  Dr.  Thut  was  active  on  many  commit¬ 
tees,  helping  to  found  a  chapter  of  the  American  Association  of  Univer¬ 
sity  Professors,  and  the  EIU  Faculty  Senate.  He  served  for  many  years 
as  chairman  of  the  homecoming  dance  and  the  faculty  social  committee, 
as  well  as  Head  of  the  Botany  Department  from  1960  to  1962.  He  was 
involved  with  the  planning  of  the  present  Life  Science  Building  and  was 
instrumental  in  getting  our  present  greenhouse,  which  was  named  for  him 
at  the  time  of  his  retirement.  He  was  a  member  of  the  Illinois  State 
Academy  of  Science,  the  Botanical  Society  of  America,  the  Ohio  State 
Academy  of  Science,  the  American  Society  of  Plant  Physiology,  the  Amer¬ 
ican  Association  for  the  Advancement  of  Science,  and  was  an  emeritus 
member  of  Sigma  Xi.  He  also  found  time  to  be  active  in  church  and  civic 
affairs,  and  was  an  inventor,  having  received  a  patent  in  199-3  on  a 
bimetallic  light  meter  manufactured  by  a  division  of  Bendix  Aviation 
Corporation,, 


Dr.  Thut  retired  in  the  summer  of  1969  after  37  years  of  teaching  at 
Eastern  Illinois  University.  After  retirement  he  remained  active  by  teach¬ 
ing  at  Redlands  University  in  California  until  the  spring  of  1971.  On  many 
occasions  he  mentioned  that  "as  long  as  I  can  teach  for  the  fun-of-it,  I 
would  like  to  continue".  At  all  times  Dr.  ThutTs  first  concern  was  his 
students.  He  was  never  too  busy  to  help  nor  was  a  specimen  too  common 
to  evoke  interest  from  him.  His  major  goal  was  to  see  that  his  students 
and  friends  became  acquainted  with  the  wonderful  world  of  plants  and  the 
joy  of  the  great  out-of-doors. 
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AQUATIC  SCIENCE 


CORE  TEMPERATURE  OF  CARP  FOLLOWING  THERMAL  STRESS.  Robert  K.  McBride 
and  John  £.  Cralley.  Department  of  Biological  Sciences,  IlTinois 
State  University,  Normal,  Illinois  61761. 

The  study  was  designed  to  examine  the  effects  of  a  sudden  temperature 
change  on  the  core  temperature  of  carp  (Cyprinus  carpio).  A  tempera¬ 
ture  detecting  radio  transmitter  was  surgically  implanted  in  the  body 
cavity  of  the  experimental  fish.  Following  recovery,  the  fish  were 
subjected  to  a  sudden  temperature  change  of  3.5  degrees  centigrade 
or  7  degrees  centigrade.  The  core  temperature  was  continuously  moni¬ 
tored.  The  equilibration  of  core  temperature  to  the  new  ambient  tem¬ 
perature  was  affected  by  the  degree  of  temperature  change  and  size  of 
fish.  These  results  indicate  that  a  sudden  temperature  change  may 
have  a  more  profound  effect  on  small  fish  than  on  large  fish. 


A  TECHNIQUE  FOR  ASSESSING  TEMPERATURE  EFFECTS  ON  HEART  RATE  OF 
FREE- SWIMMING  FISH. 

John  C.  Cralley  and  Robert  K.  McBride,  Department  of 
Biological  Sciences,  Illinois  State  University,  Normal, 

Illinois  61761 

A  new  method  has  been  devised  for  recording  electrocardiograms 
via  radiotelemetry  from  free-swimming  carp.  Fish  which  have 
previously  received  surgically  implanted  EKG  radio  transmitters 
are  forced  to  swim  in  a  segment  of  a  2»2  meter  diameter  rotating 
trough.  Water  temperature  and  swimming  speed  can  be  precisely 
controlled.  This  apparatus  is  ideally  suited  for  studies  of  the 
effects  of  temperature  and  swimming  upon  the  cardiovascular 
system. 

THE  ROLE  OF  BEHAVIORAL  EXPERIENCE  AND  REPRODUCTIVE  SUCCESS 
IN  THE  CICHLID  FISH  ETROPLUS  MACULATUS 
J.  I.  Samarakoon  and  Jack  A.  Ward 
Dept,  of  Biology,  Illinois  State  University,  Normal,  Ill. 

The  effect  of  experience  upon  the  development  of 
courtship  behavior  was  investigated  for  Etroplus  maculatus .  Naive 
fish  were  paired,  and  their  courtship  behavior  observed  during  three 
successive  breeding  cycles.  A  tendency  toward  reduction  of  intra-pair 
aggression  was  noted.  This  was  negatively  correlated  with  substrate 
directed  behavior,  and  grooming  behavior.  Fecundity  of  females,  and 
the  survival  of  young  increased  during  the  second  and  third  breedings. 
Reproductive  success  was  measured  in  terms  of  the  numbers  of  young 

surviving  until  the  ninth  day  of  free  swimming.  Experience  appeared 
to  increase  reproductive  success. 
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ACUTE  TOXICITY  OF  CADMIUM  TO  3  GENERA  OF  FISH.  R.  W.  Monsarrat,  Jr. 

&  L.  A.  Jahn.  Dept.  Biol.  Sci. ,  Western  Ill.  Univ. ,  Macomb,  Ill. 

61455 

Static  and  continuous -flow  bioassyas  were  conducted  using  CdCl2  on  3 
genera  of  fish.  In  comparing  96-hr  median  tolerance  limit  (TLm) 
values,  shiners  ranged  from  5.6-10.0  mg/1,  Florida  flagfish  ranged 
from  8.7-11.5  mg/1  and  green  sunfish  showed  18  mg/1  Cd  toxicity. 

Thus,  susceptibility  to  Cd  was  less  for  green  sunfish  than  for  either 
shiners  or  flagfish.  However,  these  TL^  values  were  greater  than 
those  previously  reported  for  other  species. 


EFFECTS  OF  AGRICULTURAL  RUNOFF  ON  LAKE  EVERGREEN  -  CHEMICAL  SURVEY. 

S.  J.  Rnkow,  A.  C.  Sievert,  G.  J.  Horton,  J.  M.  Fioramonti,  and  M.E. 
Kurz ,  Illinois  State  U. ,  Normal,  11.  61761. 

Evergreen  Lake  is  a  newly-created  reservoir  in  an  agricultural 
area  of  central  Illinois  serving  as  a  recreational  facility  and 
supplemental  water  supply.  The  purpose  of  this  study  was  to  examine 
the  influence  of  this  agricultural  environment  on  the  ecology  and 
water  quality  of  Evergreen  Lake.  Particular  emphasis  was  placed  on 
contrasting  the  habitats  of  the  shallow  and  deep  ends  of  the  reservoir 
with  the  intention  of  predicting  what  future  changes  will  take  place 
in  the  lake’s  environment.  Chemical  analysis  revealed  that  nitrate 
and  phosphate  levels  were  higher  in  the  shallow  end  of  the  lake  as 
were  the  concentrations  of  pesticides  in  the  water,  sediment,  plankton 
and  fish.  High  levels  of  dieldrin  were  found  in  the  plankton.  Almost 
all  chemical  parameters  as  well  as  fecal  coliform  were  found  to  be 
within  permissable  levels  for  public  water  supplies. 


EFFECTS  OF  AGRICULTURAL  RUNOFF  ON  LAKE  EVERGREEN  -  BIOLOGICAL  -  PHYSI¬ 
CAL  SURVEY.  T.A.  Nelson,  A.C.  Sievert,  D.J.  Gillard,  L.S.  Johnston,  S, 
W.  O’Neal,  J.mT  Simkins,  D.E.  Birkenholz  and  M.E.  Kurz,  Illinois  State 
U. ,  Normal,  IL.  61761,  and  Wesleyan  U.,  Bloomington,  IL.  61701. 

A  combined  biological-physical  survey  of  Lake  Evergreen  was  under¬ 
taken  in  conduction  with  the  chemical  survey.  Benthic  organisms  were 
found  to  be  present  in  very  low  numbers,  probably  due  to  the  infancy  of 
the  lake.  However,  the  phytoplanton  population,  consisting  of  87% 
blue-green  and  golden-brown  algae,  was  indicative  of  a  mature  body  of 
water.  Seventy-five  percent  of  the  fish  taken  were  European  carp  or 
gizzard  shad.  The  rate  of  sedimentation  in  the  shallow  portion  of  the 
lake  was  determined  to  be  3.6/6  capacity  loss  per  year ;  a  projected 
maximum  annual  capacity  loss  for  the  entire  lake  was  1.2/6.  It  is  con¬ 
cluded  that  to  date  the  agricultural  environment  has  influenced  the 
shallow  portion  of  Evergreen  Lake.  The. major  factor  in  the  subsequent 
development  of  the  lake  will  be  the  rate  of  sedimentation. 
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A  TRIAL  OF  PHYSA  GYRINA,  A  FRESHWATER  PULMONATE  SNAIL ,  AS  A  MEANS  OF 
MONITORING  FOR  ORGANIC  MICROPOLLUTANTSo  V/alter ,  W.  M. ,  Dep't.  Biol. 
Sciences,  WIU,  R.E.  Sparks  and  W.  N.  Bruce,  Illinois  Natural  History 
Survey,  Havana  and  Urbana. 

Studies  on  several  species  of  freshwater  snails  showed  they  will 
rapidly  take  up  radiolabeled  organic  compounds  to  concentrations  much 
above  ambient.  The  potential  monitoring  value  of  a  freshwater  pulmo- 
nate  snail,  Physa  gyrina,  was  tested  last  summer.  Snails  grown  in 
laboratory  culture  were  submerged  in  cages  in  the  Illinois  River  near 
Havana  and  below  Beardstown.  They  were  removed  1,  2,  4,  6,  and  8  days 
later.  Levels  of  DDT  and  its  degradation  products,  of  dieldrin  and 
heptachlor  epoxide  in  the  snails  were  significantly  higher  than  in 
river  water.  These  results  are  encouraging  enough  to  warrant  further 
testing  . 


TOXICITY  OF  CADMIUM  IN  THE  FRESHWATER  SNAIL,  PHYSA  GYRINA.  Wier,  C.F. 
and  W.M.  Walter.  Dept,  of  Biol.  Sci.,  Western  Ill.  Univ.,  Macomb,  m. 
6 11*55  •  With  cadmium  as  the  toxicant,  %Qff>  tolerance  limits  (TL50)  for 
various  exposure  durations  were  graphically  determined  using  both 
mature  and  immature  snails.  Survivors  of  bioassays  and  their  offspring 
were  observed.  'Die  snails'  rates  of  cadmium  uptake  and  elimination 
were  determined.  The  rate  of  uptake  over  2l*  hours  of  snails  exposed  to 
1.30  ppm  cadmium  solution  was  0.550  ppm/hr.  Following  the  2l*-hour  ex¬ 
posure  the  rate  of  elimination  over  2k  hours  was  0.229  ppm/hr.  The 
immature  snails'  96-hour  TL50,  0.1*3  ppm,  indicated  the  immature  snails 
were  3  times  as  sensitive  as  mature  snails  whose  96-hour  TL50  was 
1*37  ppm.  The  rate  of  uptake  was  nearly  twice  the  rate  of  elimination 
allowing  accumulation  of  cadmium  in  the  snail.  The  higher  the  cadmium 
concentration  to  which  snails  were  exposed,  the  fewer  which  survived, 
the  lower  their  reproductive  potential,  and  the  shorter  the  period 
the  young  survived. 


ALTERNATION  OF  * DULT  FORMS  IN 
R  on  a  1  d  A  .  O' a  1  k  o  s  z ,  University 
Dept,  of  Biological  Sciences, 


O^HRYDIUM  VERSATILE 
of  Illinois  at  Chicago  Circle, 
Box  4348,  Chicago,  Ill.  60680 


ABSTRACT — Cphr yd ium  versatile  is  a  colonial  peritrichous  ciliate 
which  has  symbiotic  zoochlorellae.  It  is  able  to  assume  two  dif¬ 
ferent  adult  forms,  one  sessile  and  one  motile.  The  elongate,  ses¬ 
sile  form  is  cigar-shaped  and  has  the  complex  array  of  oral  cilia 
typical  of  sessiline  peritrichs.  It  usually  remains  anchored  in 
position  by  means  of  a  non-con tracti le  stalk  attached  at  the 
scopula.  The  shortened,  barrel-shaped,  motile  form  (sonetines 
referred  to  as  the  "larval"  form)  propels  itself  through  the  water 
with  a  compound  band  of  trochal  cilia,  not  found  in  the  sessile  form/ 
near  its  aboral  end}  whereas  the  oral  cilia  are  retracted  into  the 
body.  The  transformation  of  the  motile  form  to  the  sessile  forn 
takes  between  one  and  two  hours,  with  the  loss  of  the  trochal  band 
by  75  minutes.  The  scopulsr  cilia  are  present  in  both  forms. 
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FLUCTUATIONS  IN  THE  TURBIDITY  OF  THE  MISSISSIPPI  RIVER  AT  ST.  LOUIS, 
MISSOURI  SINCE  1906. 

Frank  L.  Putz.  Jr..  Union  Electric  Company,  St.  Louis,  Missouri. 

Daily  turbidity  measurements  by  Jackson  Turbidity  Units  (JTU)  have 
been  conducted  on  Mississippi  River  water  by  the  City  of  St.  Louis, 
Missouri,  Chain  of  Rocks  Water  Plant  Lab  since  April  of  1906. 
Composite  monthly  averages  on  turbidity  over  the  last  sixty-seven 
years  have  shown  that  turbidity  increases  from  January  to  June  and 
then  decreases  to  December.  Turbidity  has  ranged  in  the  daily  tests 
from  8  to  11,000  JTU.  Upon  graphing  the  average  turbidity  for  each 
year,  the  results  show  that  the  turbidity  has  decreased  substantially 
in  the  last  20  years;  this  is  probably  due  to  channelization  and 
damming  of  the  rivers  above  St.  Louis,  Missouri. 


BOTANY 


ALGAL  FLORA  OF  A  SWAMP  POND,  WITH  EMPHASIS  ON  RARE  AND  NEWLY  RECORDED 
TAXA  FOR  ILLINOIS.  Marcia  M.  Grady,  Department  of  Botany,  Southern 
Illinois  University,  Carbondale. 

A  survey  of  the  algal  flora  of  Winters  Pond,  Union  County, 
Illinois  has  been  carried  out  over  a  one-year  period.  The  study  area 
was  a  2.5  acre  swainp-fed  pond  characterized  by  moderately  acidic 
water.  Various  physical  and  chemical  parameters  were  measured 
following  standard  methods.  222  collections  were  taken  and  226  taxa 
have  been  identified  representing  111  genera  and  eight  divisions. 

Of  these  taxa,  nine  genera,  45  species  and  21  varieties  are  new 
reports  for  Illinois.  Three  species,  Echinosphaerella  limnetica 
G.M.  Sm. ,  Hormoti la  muci gena  Borzi . ,  and  Cystodini urn  bataviense  Klebs , 
have  been  reported  only  rarely  in  the  United  States. 


OBSERVATIONS  ON  THE  PHYTOPLANKTON  OF  A  NEWLY  FORMED  RESERVOIR. 

Jay  H.  Jones,  G.  Craig  Colclasure ,  and  Marcia  M.  Grady.  Institute 
for  Diversified  Scientific  Research  and  Department  of  Botany, 
Southern  Illinois  University,  Carbondale,  Illinois  62901. 

The  phytoplankton  of  a  newly  formed  reservoir  has  been  studied 
with  respect  to  floral  composition  and  component  variation  as  a 
function  of  reservoir  age.  Since  February  of  1974  approximately  100 
collections  have  been  made  using  standard  techniques  from  seven 
stations  in  the  northern  portion  of  Cedar  Creek  Reservoir,  Jackson 
County,  Illinois.  The  study  area  includes  approximately  1/5  of  the 
1750  acre,  41,500  acre  foot  lake.  Algal  components  identified 
included  more  than  75  species  which  represented  five  divisions. 
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POROID  FUNGI  DETRIMENTAL  TO  PINE  IN  SOUTHWESTERN  ILLINOIS.  K.A.  West, 
Botany  Dept.,  Southern  Illinois  University,  Carbondale,  IL. 


Four  species  of  pathogenic  pore  fungi,  Fomes  annosus,  F.  pinicola, 
Polyporus  schweinitzii,  and  Phellinus  pini,  were  collected  in  stands 
of  native  and  introduced  pine  in  southwestern  Illinois.  Ph.  pini  and 
F.  pinicola,  both  trunk -decaying  species,  are  presently  known  only  in 
the  two  native  Pinus  echinata  stands  of  southern  Illinois,  but  are 
apparently  absent  from  pine  plantations.  Of  the  two  root  pathogens, 

F.  annosus  is  widespread  in  both  native  and  introduced  stands  while 
P.  schweinitzii  was  collected  only  once,  from  plantation  pine.  Since 
susceptibility  to  fungal  infection  usually  increases  as  trees  reach 
marketable  age,  the  presence  of  these  k  species  may  influence  future 
forest  management. 


LICHEN  SENSITIVITY  STUDIES  IN  EAST-CENTRAL  ILLINOIS  AS  AFFECTED  BY 
A  FOSSIL  FUELED  POWER  STATION. 

Wayne  M.  Pichon.  WAPORA,  Inc.,  Charleston,  Illinois. 

Lichens  were  examined  for  external  damage  at  833  separate  sites  in 
an  area  of  429  square  miles  surrounding  a  fossil  fueled  power  station. 
At  each  site  individual  lichen  species  were  noted,  and  damage,  if 
evident ,  was  assessed  on  a  percentage  basis.  Several  areas  of  damage 
were  observed  northeast  of  the  existing  power  station.  In  addition 
to  damage  assessment,  information  was  gathered  on  lichen  successional 
patterns.  Also,  comparisons  were  made  between  the  bark  pH  of  trees 
in  damaged  versus  non— damaged  areas.  When  hydrogen  ion  concentrations 
were  compared,  the  differences  were  significant. 


THE  OCCURANCE  OF  CORTIGOLOUS  MOSSES  FROM  FOUR  DISTINCT  WOOD!  HABITATS. 
D.J.  Royse  and  C.B.  Arzeni.  Dept,  of  Botany,  Eastern  HI.  University, 
"Charleston,  Ill.  61920. 

The  mosses  were  collected  from  Coles,  Clark,  and  Cumberland  co 
counties  in  Illinois.  Fifty-seven  species  of  Musci  were  collected 
in  these  counties  representing  35  genera.  Collections  were  made  from 
four  different  habitats:  living  trees,  fallen  logs  not  yet  decorti¬ 
cated,  fallen  logs  completely  decorticated  and  partly  decayed,  and 
w|ll  rotted  stumps  and  logs.  Eight  species  of  acrocarpus  mosses  and 
25  species  of  pleurocarpus  mosses  were  collected  on  living  trees. 
Pleurocarpus  mosses  represented  12  species  and  acrocarpus  mosses 
represented  Ik  species  of  those  members  collected  on  well-decayed 
wood.  This  study  indicates  that  more  pleurocarpus  species  tend  to 
inhabit  living  trees  and  more  acrocarpus  mosses  tend  to  occur  on 
well-decayed  wood. 
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SEEDCOAT  DEVELOPMENT  OF  SANGUINARIA  CANADENSIS  (Bloodroot) .  S.R.  Foor 
and  S.  A.  Becker.  Dept,  of  Botany,  Eastern  Ill.  Univ. ,  Charleston, 
Illinois,  61920. 

Plants  were  collected  between  March  and  May  of  1974  at  2-week  inter¬ 
vals.  Pistils  were  fixed  in  Navashin's  fluid  (CRAF),  F.A.A.,  or  Allen 
-Bouin’s  fluid  (Type  III).  Ovules  were  excised  when  practical.  Tis¬ 
sues  were  emmbeded  in  Tissuemat  (m.p.  53-55°C)  and  thin  section  cut. 

A  safranin  and  fast-green  staining  combination  was  employed  and  devel¬ 
opmental  patterns  observed.  The  seedcoat  was  composed  entirely  of  the 
outer  integument;  the  inner  integument  disintegrated  during  ovule  mat¬ 
uration.  The  outer  2-3  layers  of  the  nucellus  persisted  and  lay  in 
contact  with  the  seedcoat.  Sclariform  reticulate  secondary  wall 
thickenings  developed  on  the  inner  epidermis  of  the  outer  integument 
after  undergoing  extensive  radial  elongation.  The  outer  epidermis  of 
the  outer  integument  developed  a  unilateral  aril  over  the  vascular 
bundles  of  the  ovule.  This  is  the  first  report  of  seedcoat  development 


SCANNING  ELECTRON  MICROSCOPY  OF  CHLOROPLASTS .  M.  J.  Nadakavukaren 
and  D.  A.  McCracken,  Biological  Sciences  Department,  Illinois  State 
University,  Normal,  Illinois  61761. 

The  ultrastructure  of  chloroplasts  is  well  known.  However,  to  our 
knowledge  there  has  been  no  report  of  chloroplast  morphology  as  seen 
under  a  scanning  electron  microscope.  Isolated  bean  and  onion  chloro¬ 
plasts  were  freeze-dried,  coated  with  gold,  and  examined  in  a  scan¬ 
ning  electron  microscope.  The  chloroplasts  with  an  intact  outer  en¬ 
velope  have  the  classical  lenticular  shape.  Irregularly-shaped 
extensions  of  the  outer  membrane  are  often  seen  on  such  chloroplasts. 
Most  chloroplasts  that  have  lost  the  outer  envelope  showed  an  intact 
grana  fret-work  system.  The  number  of  grana  in  surface  view  varied 
from  40-60  per  chloroplast. 


ALLELOPATHIC  EFFECTS  OF  FESCUE  ON  THE  GROWTH  OF  SWEETGUM.  D.  T. 
Walters  and  A.  R.  Gilmore.  Dept,  of  Forestry,  Univ.  of  Ill.  at  Urbana- 
Champaign. 

Allelopathic  effects  of  fescue  (Festuca  eliator  L.  var.  Ky .  31) 
on  the  growth  of  sweetgum  (Liq uidambar  sty raci f lua  L.)  were  investi¬ 
gated  using  a  stairstep  apparatus.  Treatments  consisting  of  live  fes¬ 
cue,  dead  fescur  roots  and  dead  fescue  leaves  resulted  in  reduction  of 
sweetgum  dry  weight  of  19%,  48%,  and  60%,  respectively  when  compared 
with  a  control.  Interference  (competition  +  allelopathy)  effects  of 
fescue  were  investigated  in  single  pot  experiments  of  mixed  culture 
treatments  in  the  greenhouse.  Fescue  seeded  into  even-aged  sweetgum 
seedlings  at  2-month  intervals  resulted  in  reduction  in  sweetgum  dry 
weight  from  28%  to  95%.  The  elimination  of  the  competitive  aspect  of 
interference  through  the  use  of  the  stairstep  has  implicated  an  alle¬ 
lopathic  mechanism  in  the  interference  of  sweetgum  growth  by  fescue. 
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EFFECTS  OF  SOME  ENVIRONMENTAL  VARIABLES  ON  CULTURAL 
FEATURES  OF  SADASIVANIA.  Walter  J.  Sundberg  and  Marcia  C. 

Wicklcw.  Depts.  of  Botany,  Southern  Illinois  Univ. ,  Carbondale,  II. 
62901  and  Monash  Univ.,  Clayton,  Victoria,  Australia. 

Effects  of  some  environmental  parameters  on  growth 
and  sporulation  were  tested  to  determine  the  extent  of  cul¬ 
tural  variability  in  Sadasivania .  Maximum  growth  occurred 
at  20-25°C.  Light  (black  and  white)  or  its  absence  had 
little  effect  on  growth  rate.  Conidiogenous  cells  pro¬ 
duced  were  variable  in  their  morphology  and  relation  to 
somatic  hyphae  and  to  each  other— a  feature  not  observed  in 
natural  habitat  material.  Observed  variation  follows  a 
precise  developmental  sequence  whose  timing  is  altered  but 
is  otherwise  unaffected  by  temperature  and  light  variations. 
Lack  of  similar  corresponding  effects  on  somatic  growth 
suggest  that  development  of  mass  alone  is  not  responsible. 


THE  OCCURRENCE  AND  EVOLUTIONARY  SIGNIFICANCE  OF  AMINO  ACIDS  IN  NECTAR 
OF  FLOWERS  FOUND  IN  CENTRAL  ILLINOIS .  Patricia  I.  Click.  Biology 
Dept.  Illinois  College.  Jacksonville.  Nectars  of  flowers  growing  in 
Central  Illinois  were  assayed  by  thin  layer  chromatography  for  amino 
acid  content  and  field  observations  were  made  of  feeding  butterflies. 
It  has  long  been  assumed  that  butterflies  ingest  all  their  nitro¬ 
genous  nutrition  as  larvae.  The  results  of  this  research  indicate 
that  the  diet  of  the  observed  butterflies  probably  contains  a  higher 
amino  acid  content  than  has  previously  been  thought. 


SUGAR  TRANSLOCATION  IN  STRAIGHT-NECK  SQUASH  AS  AFFECTED  BY  EXPOSURE 
TO  DARKNESS.  Frank  D.  Tenne  and  T.  M.  Weidner.  Department  of  Botany, 
Eastern  Ill.  University,  Charleston,  Illinois  61920. 

Squash  plants  (Curcurbita  melpepo  torticolis ,  Bailey)  were  grown  on 
an  aerated  mineral  solution  for  21  days  in  a  growth  chamber  with  al¬ 
ternating  16-hour  light  and  8-hour  dark  period.  On  the  21st  day,  at 
0,  30,  90,  and  150  min.  into  the  dark  period  the  petioles  from  node  5 
of  3  plants  were  removed,  cut  into  2-cm  sections,  and  were  extracted 
in  a  soxhlet  extractor  for  3  hours.  Total  sugar  in  each  extract  was 
determined  by  the  sugar  specific  anthrone  test.  The  stachyose,  suc¬ 
rose  and  raffinose  portion  of  each  extract  were  separated  by  paper 
chromatography  and  determined.  Results  indicated  that  as  time  pro¬ 
gressed  into  the  dark  period  there  was  a  decrease  in  total  and  indi¬ 
vidual  sugars  and  the  possibility  of  simultaneous  export  of  sucrose 
out  of  the  leaf  and  import  of  stachyose.  Such  evidence  could  be  used 
to  refute  the  mass  flow  theory  of  translocation. 
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SYSTEMATICS  AMD  IDENTIFICATION  OF  MESOZOIC  AND  CENOZOIC  ANGIOS PERM 
WOCDS.  L.  Co  Matten.  Department  of  Botany,  Southern  Illinois 
University,  Carbondale,  Illinois  62901 

Advancements  in  the  study  of  petrified  angiosperm  woods  have 
been  hindered  by  several  factors.  At  present,  there  are  no  suitable 
keys  for  proper  identification  of  Cretaceous  woods.  Those  available 
for  Tertiary  woods  are  applicable  only  to  stem  anatomy  and  neglect 
root  structure.  Evolution  of  wood  characters  is  often  ignored  when 
trying  to  assign  Cretaceous  woods  to  extant  families.  Petrified 
woods  are  identified  using  anatomical  features  whereas  most 
identifications  of  modern  angiosperms  are  based  upon  floral 
morphology.  Geographic  and  stratigraphic  range,  as  well  as  anatomic 
variability,  have  complicated  the  problem  of  identification  and 
nomenclature. 


CONSERVATION 


The  Illinois  Natural  Areas  Inventory 
by  John  Schwegman,  Illinois  Department  of  Conservation 

The  Illinois  Natural  Areas  Inventory  is  a  project 
funded  by  the  Illinois  Department  of  Conservation  to 
locate,  collect  data  upon,  and  classify  the  significant 
natural  areas  of  Illinois.  It  will  include  a  computer¬ 
ized  data  storage  and  retrieval  system.  The  data  will 
be  used  in  the  preparation  of  a  plan  for  the  develop¬ 
ment  of  a  comprehensive  nature  preserves  system  and  to 
aid  the  Department  in  the  evaluation  of  environmental 
impacts  of  publicly  regulated  development  projects. 


PROGRAMS  FOR  MONITORING  BIRD  POPULATIONS.  Vernon  M.  Kleen,  Illinois 
Department  of  Conservation.  Due  to  noticeable  declines  in  the  pop¬ 
ulation  of  many  of  our  wildlife  species,  efforts  have  been  coordina¬ 
ted,  especially  for  birds,  to  monitor  further  population  changes  and 
to  provide  the  data  necessary  to  make  recommendations  for  maintain¬ 
ing  those  populations.  Three  statistically-based  studies  to  monitor 
these  changing  populations  are  already  well  established  according  to 
international  standards  and  should  be  further  utilized  in  Illinois; 
they  are:  the  Breeding  Bird  Survey,  the  Breeding  Bird  Atlas,  and 
the  Winter  Bird  Survey. 


CAN  NATURE  PRESERVES  SAVE  OUR  ENDANGERED  BIRDS?  Jared  Verner,  Dept, 
of  Biol.,  Illinois  State  Univ. ,  Normal,  IL,  61761.  Avian  behavior  is 
a  factor  seldom  considered  when  sites  are  chosen  for  preservation. 
Long-range  perpetuation  of  any  ecosystem  implies  maintenance  of  all 
populations  originally  present  there.  Most  (all?)  preserves  in 
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Illinois  fall  short  of  this  goal.  For  example.  Goose  Lake  Prairie, 
one  of  our  largest  preserves,  supports  only  one  breeding  pair  of 
Upland  Sandpipers  and  one  or  two  of  Marsh  Hawks „  Local  extinction  of 
many  bird  species  from  Barro  Colorado  Island,  since  its  formation  in 
the  Panama  Canal  Zone  in  1910-14,  was  apparently  related  to  territory 
size,  size  of  species,  diet,  and/or  ground  feeding  habits  (Willis, 
Ecol.  Monog.  44).  Willis  believes  what  may  appear  to  us  as  insignif¬ 
icant  barriers  to  avian  dispersal  are  rarely  or  never  crossed  by  many 
species,  so  local  extinction  means  no  replacement.  He  recommends 
corridors  of  suitable  habitat  to  connect  preserves,  so  repopulation 
can  occur  after  local  extinction. 


HABITAT  AND  BIRD  COMMUNITY  STRUCTURE  IN  SOME  CARIBBEAN  ISLANDS. 
Robert  W.  Guth,Dept.  of  Biol.  Sciences , Northwestern  University, 
Evanston,  Illinois  60201. 

Bird  censuses  in  nine  Caribbean  islands  show  that  overall  bird 
density,  species  richness  and  diversity,  dominance,  and  existence 
energy  are  correlated  with  island  area  and  altitude.  Many  of  these 
correlations  are  predicted  by  current  theory  on  community  structure. 
Effects  of  human  agriculture  are  great  and  account  for  local  varia¬ 
tions  in  diversity  and  density.  Omnivores  and  frugivores  are  more 
important  in  forest  communities,  and  insect ivores  in  secondary 
habitats.  Many  of  these  results  generalize  to  depauperate  Illinois 
agricultural  and  urban  bird  communities. 


CONTROLS  ON  TOTAL  DISSOLVED  SOLIDS  IN  ILLINOIS  STREAMS. 

Monte  M.  Nienkerk,  Ronald  C.  FI emal ,  David  F.  Meyer  and  Mark  N.  McBroom 
Department  of  Geology,  Northern  Illinois  University,  DeKalb,  Ill.  60115 

Illinois  streams  typically  transport  dissolved  solids  amounting  to 
100  to  300  tons  per  square  mile  of  drainage  area  per  year.  The  data 
show  marked  regional  consistencies,  which  suggests  that  regional 
rather  than  point-source  or  local  phenomena  are  the  major  controls  on 
the  magnitude  of  the  total  dissolved  load.  Among  the  major  regional 
controls  are  geology,  soils,  climate,  and  demographic  patterns.  High 
yields  coincide  with  areas  of  thick,  poorly  consolidated  recent 
glacial  drift,  extensive  urbanization,  or  strip  mining. 


THE  GREENING  OF  INNER-CITY  AMERICA-A  COMMUNITY  GARDEN  GROWS  IN  HYDE  PARK 
IN  CHICAGO.  Dale  E.  Birkenholtz,  Dept.  Biol.  Sci.,  Ill.  State  Univ. , 
Normal,  II  61761, 

Working  with  elementary  school  students,  a  college-level,  ecology  class 
at  Wright  College  helped  establish  the  Murray  School  Community  Garden 
in  Hyde  Park.  The  college  students  applied  their  academic  principles 
in  testing  garden  soil,  adding  previously  limiting  nutrients,  and 
helping  to  grow  plants  on  a  previously  deserted  and  vacant  inner-city 
lot , 
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Local  residents  became  very  involved  and  the  Murray  School  will  have 
its  own  students  and  local  adults  taking  over  in  Spring  1975.  The  com¬ 
munity  garden  (renamed  Walden  III)  was  successful.  It  provided  a  socio 
centric  focus  and  led  to  local  "people-plant  interactions".  Involvement 
grew  along  with  the  garden;  vandalism  was  minimal.  The  authors  suggest 
ways  to  grow  other  "green  spaces"  on  other  inner-city,  school-community 
grounds . 


CHEMISTRY 


THE  INHIBITION  OT  CHICK  BRAIN  PROTEIN  SYNTHESIS  BY  AUR INTRICAR BOXYLIC 
ACID  ANALOGUES.  Bill  Krearner,  J e f f  Anderson  and  Arlan  Richardson. 
Dept,  of  Chemistry,  Ill.  State  Univ.,  Normal,  IL  61761 

Aurintricarboxylic  Acid  (ATA),  a  tri-phenyl  methane  dye  inhibits 
protein  synthesis  by  binding  to  the  small  ribosomal  subunit  thereby 
preventing  its  attachment  to  mRNA.  The  effect  of  ATA  and  analogues 
was  tested  on  the  incorporation  of  radioactive  valine  into  acid 
insoluble  material  using  an  i_n  vitro  system  from  cerebrum  of  chick 
brain.  Using  this  system,  methylene  disalicylic  acid,  salicylic  acid, 
aurindicarboxvlic  acid  (ADA),  aurinmonocarboxylic  acid  (AMA),  trimethyl 
aurintricarboxylate ,  and  various  other  analogues  of  ATA  were  tested  as 
to  their  ability  to  inhibit  i_n  vitro  protein  synthesis.  Results  show 
that  ATA  requires  a  three  ring  structure  and  one  carboxyl  group  per 
ring  for  inhibition.  The  binding  of  l^C-ATA  and  ^C-ADA  to  ribosomes 
was  also  studied. 


THE  VISCOSITY  OF  IONIC  SOLUTIONS,  G.  J.  Clark,  Dept,  of  Chemistry, 
Illinois  State  U.,  Normal,  II  61761. 

The  origins  of  an  additional  contribution  to  the  B  term  of  the 
Jones-Dole  equation  for  ionic  solutions,  (1  +  A\fc~  +  Be),  will 

be  discussed  using  a  continuum  model.  Correlations  to  solvent, 
temperature,  and  ion  size  will  be  presented  which  demonstrate  a  con¬ 
siderable  improvement  over  the  Stokes-Einstein  expression,  particular¬ 
ly  with  smaller  ions.  It  additionally  becomes  possible  to  understand 
the  microscopic  reasons  for  "solvation"  by  comparing  B  terms  with 
ionic  mobilities  and  recognizing  the  major  role  that  solvent  plays  in 
the  determination  of  these  properties. 


EFFECT  OF  CC14  POISONING  AT  THE  LEVEL  OF  PEPTIDE  CHAIN  INITIATION. 
George  A.  Ricca ,  James  J.  Markese ,  and  .Arlan  Richardson ,  Dept,  of 
Chemistry,  Ill.  State  Univ.,  Normal,  IL  61761 

Experimental  CC14  poisoning  has  been  extensively  used  in  the  study 
of  acute,  toxic  liver  injury.  One  of  the  first  observable  evidences 
of  hepatic  dysfunction  is  a  concomitant  decrease  in  protein  synthesis 
and  a  disaggregation  of  polyribosomes.  Protein  synthesis  was  studied 
in  a  post-mitochondrial  supernatant  (PMS)  system  because  studies 
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indicate  that  this  system  is  clearly  more  active  than  other  cell-free 
systems.  The  incorporation  of  radioactive  valine  into  acid  insoluble 
material  was  inhibited  70%  in  animals  poisoned  with  CCI4.  The 
depression  of  protein  synthesis  appears  to  be  unrelated  to  an  increas¬ 
ed  ribonuclease  activity.  These  studies  indicate  that  CCI4  poisoning 
causes  a  decrease  in  the  reattachment  of  ribosomes  to  messenger  RNA. 


RECENT  DEVELOPMENTS  IN  SULFUR-BRIDGED  DIMERS  OF  PENTACYANOCOBALT- 
ATE(III).  Paul  S.  Poskozim  Department  of  Chemistry,  Northeastern 
Illinois  University,  Chicago,  Illinois  60625. 

The  preparation,  properties,  and  proposed  structures  of  the  title 
compounds  will  be  discussed.  The  mechanism  of  formation  of  a  new, 
mono-sulfur  bridged  complex  will  be  proposed.  A  general  discussion 
of  the  nature  of  the  reducing  ability  and  electron  donating  propensity 
of  the  Co(CN)^-  species  will  also  be  presented. 


THE  EFFECT  OF  CYSTINE  ON  LEAD  RETENTION  IN  TISSUE  OF  RATS  FED  A  LOW 
PROTEIN  DIET.  A.  A.  Mylroie,  U.  Erogbogbo,  G.  Lambert.  Chicago  State 
University,  Chicago,  Illinois  60628 

Since  lead  (Pb)  ,  an  environmental  pollutant,  accumulates  in  tissue, 
the  effect  of  diet  on  Pb  retention  is  under  investigation.  50  male 
rats  120  gm)  were  fed  a  low  protein  diet,  (sucrose  as  carbohydrate 
source)  supplemented  with  ]%  cystine  (i)  or  \%  alanine  (il)  for  35 
days.  Rats  had  free  access  to  food  and  to  water  with  and  without 
Pb (Ac) 2 ( 1 , 000  ppm  Pb) .  Tissues  were  digested  with  HNO3+H2O2  and  Pb 
analyzed  by  atomic  absorption.  (i)  resulted  in  a  7  fold  decrease 
in  Pb  concentration  [Pb]  in  blood  as  compared  to  (il)  ,  but  showed  no 
significant  difference  in  bone  or  kidney  [Pb] .  The  lack  of  correla¬ 
tion  between  blood  and  tissue  [Pb]  indicates  that  blood  [Pb]  may  not 
be  a  reliable  index  of  Pb  body  burden  even  in  the  presence  of  high 
levels  of  Pb  intake.  Supported  by  the  Minority  Biomed.  Support 
Program  NIH. 


DIMETHYLVINYLIDENE  CARBENE  INSERTION  REACTIONS 
Timothy  B.  Patrick  and  Dennis  L.  Schutzenhof er 
Department  of  Chemistry,  Southern  Illinois  Uni¬ 
versity,  Edwardsville,  Illinois  62025 

Dimethylvinylidene  carbene  (I)  inserts  into  the  carbon- 
hydrogen  bond  in  the  methylene  group  of  benzyl  alcohols  (II) 
to  produce  allenic  alcohols  (III) .  The  results  of  a  Hammett 
study  of  this  reaction  will  be  presented  with  respect  to  the 
effect  of  the  alcohol  group  on  the  reaction  course. 
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COLLEGIATE  CHEMISTRY 


POLYMER  DEGRADATION  STUDIES:  POLYSTYRENE.  Avrom  A.  Blumberg  and 
Audrone  M.  Pavilcius,  Chem.  Dept.  DePaul  Univ. ,  Chicago,  IL  60614 

The  volatile  and  non-volatile  degradation  products  of  a  poly¬ 
styrene  sample  are  being  characterized  by  IR,  GC  and  molecular  weight 
distribution . 


MANNICH  CONDENSATIONS  OF  p-CHLOROTHIOPHENOL ,  FORMALDEHYDE,  AND 
PRIMARY  AMINES.  Gary  E.  Maaks ,  Ray  E.  Hibbard,  and  Carl  Weatherbee, 
Chem,  Dept,,  Millikin  Univ,,  Decatur,  IL  62522. 

Infrared  and  nmr  studies  of  the  products  secured  by  the  conden¬ 
sation  of  p-chlorothiophenol ,  formaldehyde,  and  primary  amines. 


FRIEDEL-CRAFTS  ALKYLATIONS  OF  AROMATIC  HYDROCARBONS 

James  Dwyer  and  K.  E.  Kolb,  Bradley  University,  Peoria,  Ill.  61625 

Factors  which  influence  the  degree  of  isomerization  when  normal 
alkylhalides  are  used  to  alkylate  aromatic  compounds  have  been 
studied  by  gas  chromatography .  The  basic  reaction  studied  was: 

ArH  +  nPrX  nPrAr  +  dPrAr  +  HX 

The  factors  studied  included  effect  of:  temperature,  nature  of  cata¬ 
lyst,  nature  of  halide  in  alkylhalide  and  the  nature  of  the  aromatic 
alkylated.  The  yield  of  normal  alhylation  product  is  greatly  influ¬ 
enced  by  the  type  aromatic  substrate.  The  amount  of  normal  product 
varied  from  8  to  100%  as  the  aromatic  series  was  varied  from  chloro¬ 
benzene,  benzene,  toluene,  p-xylene,  to  mesitylene.  Correlation  of 

percent  normal  product  with  the  "pi"  ability  of  the  aromatic  is 
excellent . 


FOLAROGRAPHIC  AND  EIJCCTROLYTIC  STUDY  OF  CARBODIIMIDES :  EVIDENCE  FOR 
A  CARBENE  INTERMEDIATE.  Massoud  Garros sian  and  Robert  C.  Duty. 
Chemistry  Department,  Illinois  State  University,  Normal,  Illinois 

6.1761 

The  polarographic  reduction  of  six  substituted  aromatic  carbodiimides 
have  been  carried  out  in  nonaqueous  mediums  (dimethyl  formamide  and 
acetonitrile).  The  diffusion  controlled  polarographic  waves  indicate 
a  1-electron  rate  controlling  step  which  precedes  a  rapid  1-electron 
addition  to  form  a  carbene  intermediate.  A  Hammett  plot  of  half¬ 
wave  potentials  versus  substituent  constants  lends  supporting  evidence 
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for  the  carbene  intermediate.  Large  scale  potentiostatic  reduction 
of  diphenyl  carbodiimide  produced  diphenylurea  in  the  nonaqueous 
solvents  which  is  conclusive  proof  for  a  carbene  intermediate. 


DIRECT  PREPARATION  OF  1,3, 5-TRI-T-BUTYLBENZENE  FROM  BENZENE 

Thoms  Neumann  and  K.  E.  Kolb,  Bradley  University,  Peoria,  Illinois 

61625 


A  study  by  gas  chromatograph  of  the  direct  synthesis  of  the 
1,3 ,5-tri-t-butylbenzene  (I)  was  made.  The  effect  of  variation  of 
amounts  of  benzene,  t-butylchloride ,  AlClg  and  time  was  studied.  The 
maximum  yield  of  (I)  was  obtained  using  benzene,  t-butylchloride  and 
AICI3  in  a  mole  ratio  -of  0.2:1.0:0.02  at-^O0.  Decrease  of  the 
amount  of  either  t-butylchloride  or  AICI3  decreased  the  yield  of  (I) 
and  increased  formation  of  1 ,3-p-di-t-butylbenzene.  Increase  of 
AICI3  resulted  in  the  formation  of  l,l,4,4,5,5,8,8,-octamethyl-l,2,3, 
4 , 5 , 6 , 7 , 8-octahydroanthracene . 


THE  SYNTHESIS  OF  HALOGEN  SUBSTITUTED  OLEFINS  VIA  REACTION  OF 
PHOSPHORUS  PENTA CHLORIDE  WITH  ACYL  BROMIDES.  J.  Greg.  Pant  and 
Robert  C.  Duty,  Department  of  Chemistry,  Illinois  State  University, 
Normal,  Illinois  61761 

Phosphorus  pentachloride  has  been  used  to  form  halogen  substituted 
olefins  from  acyl  bromides.  Previously  in  this  laboratory  PCI5  had 
been  shown  to  deoxygenate  n’itroso  compounds  to  form  halogen  substi¬ 
tuted  amines  [R .  C.  Duty  and  G.  Lyons,  J.  Org.  Chem.  37,  4119 
(1974)]  and  it  was  also  shown  to  form  ionic  molecular  complexes 
with  aromatic  ketones  [R .  C.  Duty  and  R.  E.  Hallstein,  J.  Org. 
Chem. ,  35,  4220  (1970)]  Dichloroacetyl  bromide  reacts  with  PCl^ 
to  form  l-bromo-1,2 ,2-trichloroethene .  Presently,  experiments  are 
underway  with  diphenyl  acetyl  chloride  and  bromide.  Reaction  condi¬ 
tions  and  mechanisms  will  be  discussed  for  these  reactions. 


ENERGY  ABSORPTION  SPECTRA  OF  SELECTED  POLYMERS.  Avrom  A.  Blumberg  and 
Edwin  R.  Niemira,  Chem.  Dept,,  DePaul  Univ. ,  Chicago,  IL  60614, 

The  dependence  of  an  energy  absorption  spectra  of  various  selected 
polymers,  under  varying  stages  of  degradation  is  being  investigated 
using  a  rebound  relaxation  technique, 


A  THERMODYNAMIC  STUDY  OF  SOLUTE-SOLVENT  INTERACTIONS  USING  GAS-LIQUID 
CHROMATOGRAPHY,  E.F.  Meyer  and  T_.H_,  Gens ,  Chem.  Dept.,  DePaul  Univ., 
Chicago,  IL  60614, 

Free  energy,  enthalpy  and  entropy  of  solution  for  18  solutes  of 
varying  polarizability  and  degree  of  unsaturation  were  measured  for  the 
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values  with  similar  data  for  the  same  solutes  in  n-tetracosane  and  10- 
nonadecanone  provides  information  regarding  the  influence  of  the 
strength  and  position  of  a  single  dipole  in  a  long  chain  solvent  mole¬ 
cule.  The  influence  of  the  dipole  is  unmistakeable ,  leading  to  higher 
enthalpies  of  solution  for  polar  and  unsaturated  solution.  The  carbonyl 
dipole  is  more  effective  in  attracting  solutes  when  located  at  the  2- 
position  than  at  the  10-position.  Thus,  a  terminal  dipole  is  more  ef¬ 
fective  than  one  located  at  the  center  of  the  solvent  chain. 


A  COMPARISON  OF  ENTHALPIES  OF  SOLUTION  FOR  LINEAR  AND  CYCLIC  ALKANES 
AND  KETONES  IN  nC36H74  USING  GAS-LIQUID  CHROMATOGRAPHY.  E.F.  Meyer  and 
R_.  Weiss ,  Chem.  Dept.,  DePaul  Univ.  ,  Chicago,  IL  60614. 

Enthalpies  of  solution  (AH)  in  n-C^^Hy^  were  obtained  for  n- 
alkanes,  2-ketones  and  cyclic  alkanes  from  Cg  to  C]^;  and  cyclic 
ketones  from  C^  to  C^.  The  contribution  of  each  CH2  group  to  AH  is 
the  same  for  normal  and  cyclic  alkanes.  This  is  evidence  that  there  is 
no  dimunition  of  the  attractive  power  of  a  CH2  group  by  virtue  of  its 
being  in  a  ring;  i.e.  the  "backside”  seems  to  be  available  for  inter¬ 
action.  The  difference  in  AH  between  n-alkanes  and  2-ketones  is  con¬ 
stant  and  is  a  measure  of  the  induction  energy  characteristic  of  the 
carbonyl  dipole  in  a  hydrocarbon  environment.  The  difference  in  AH 
between  cyclic  alkanes  and  ketones  is  larger  than  for  the  linear  homo¬ 
logs  for  Cg  and  smaller,  but  drops  off  drastically  for  larger  rings. 
This  is  apparently  due  to  conformations  of  the  cyclic  ketones  which 
"protect"  the  dipole  from  its  neighbors. 


THE  EFFECT  OF  VITAMIN  E  DEFICIENCY  ON  RAT  LIVER  PROTEIN  SYNTHESIS. 

John  Coniglio,  Glen  Hortin,  and  Arlan  Richardson.  Dept,  of  Chem,,  Ill. 
State  Univ.,  Normal,  IL  61761. 

The  effect  of  vitamin  E  deficiency  on  liver  protein  synthesis  was 
studied  in  female  Sprague-Dawley  rats.  Vitamin  E  deficiency  was  induced 
by  feeding  female  weanling  rats  an  artificial  diet  containing  65%  glu¬ 
cose,  20%  casein,  and  10%  tocopherol  stripped  corn  oil.  The  control 
animals  received  100  mg  of -tocopherol  acetate  per  kg  of  diet.  Liver 
slices  were  obtained  at  weekly  intervals  for  seven  weeks  after  the  ani¬ 
mals  were  placed  on  the  diets  with  and  without  ^-tocopherol  acetate. 

The  uptake  of  ^H-L-phenylalanine  into  liver  slices  and  the  incorpora¬ 
tion  of  ^H-L-phenylalanine  into  acid  insoluble  material  was  determined. 
No  significant  change  in  the  incorporation  of  ^H-L-phenylalanine  into 
acid  insoluble  material  was  found  in  the  vitamin  E  deficient  rats. 

There  does  appear  to  be  a  decrease  in  the  uptake  of  ^H-L-phenylalanine 
by  the  liver  slices  from  the  vitamin  E  deficient  rats. 


Coloration  Study  in  Gladiolus  by  George  Ziobro ,  Robert  Griesbach  and 
F.  W.  Breitbeil,  DePaul  University,  Chicago,  II.  60614,  Chem.  Dept. 

Gladiolus  69-5B  developed  by  Dr.  Griesbach  of  DePaul  University  is 
unusual  in  that  the  floral  coloration  is  independent  of  light  and  that 
the  cormel  of  the  plant  when  exposed  to  light  develops  pigmentation. 
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Differences  in  the  types  of  anthocyanins  produced  in  the  cormel  and 
floral  tissues  would  indicate  differences  in  the  genetic  and/or 
photochemical  control  over  anthocyanin  synthesis. 

Progress  on  the  above  investigation  will  be  reported. 


EFFECT  OF  AGE  ON  RESPIRATION  RATE  OF  ISOLATED  MITOCHONDRIA  AND 
ENZYMATICALLY  ISOLATED  LIVER  PARENCHYMAL  CELLS  OF  LABORATORY  RATS. 
Jerry  M.  Fioramonti ,  George  A.  Ricca ,  and  Arlan  Richardson,  Dept. 
Chemistry,  Ill.  State  Univ.,  Normal,  IL  61761 

Mitochondria  were  isolated  from  young  (1-2  mo.)  and  old  (12-16 
mo.)  rats.  Using  8mM  succinate  as  substrate,  the  rate  of  oxygen 
uptake  per  jig  of  mitochondrial  protein  was  determined.  It  was  found 
that  mitochondria  isolated  from  the  liver  of  the  older  rats  had  only 
a  5-15%  lower  respiration  rate.  Isolated  liver  parenchymal  cells  of 
young  and  old  rats  were  obtained  by  enzymatic  treatment  of  liver 
slices.  No  difference  was  observed  in  endogenous  respiration  between 
old  and  young  isolated  liver  cells.  Exogenous  respiration  with  20mM 
pyruvate  or  succinate  was  also  found  to  be  identical.  These  results 
indicate  that  with  increasing  age  there  is  little  change  in  the 
respiratory  activity  of  rat  liver. 


A  COMPARISON  OFTISSUE  DIGESTION  PROCEDURES  FOR  LEAD  ANALYSIS  BY 
ATOMIC  ABSORPTION,  J.  Walters  and  M.  Morrison,  Chicago  State  Univ., 
Chicago,  Illinois  60628. 

4  digestion  procedures  were  compared  to  the  HN03  +  HCIO4  stan¬ 
dard  procedure.  Comparisons  were  made  as  to  %  analysis  (HNO3  + 
HCTO4  taken  as  100%),  completeness  of  digestion  (c  =  complete,  inc 
=  incomplete)  and  time  required  (l  =  lengthy,  f  =  fast).  Homogen¬ 
eous  samples  of  liver,  kidney  and  bone  were  prepared  from  rats 
raised  with  5000  ppm  Pb  in  the  drinking  water.  Results  were  as 
follows:  HNO3  +  HCIO4,  (c,  l);  HNO3  with  isopropyl  solvent,  97% 
(inc,  f) ;  HN03  +  30%  H202,  96%  (inc,  f) ;  HN03  on  a  300  to  350°C  hot 
plate,  37%  (c,  1);  HNO3  +  H2SO4  in  a  550°  to  650°C  furnace,  94%  (c, 
f) .  The  results  indicate  that  all  of  the  above  digestion  proced¬ 
ures  can  be  used  to  prepare  tissue  for  subsequent  lead  analysis  by 
atomic  absorption. 


A  Rapid  Spectrophotometric  Determination  of  Nickel(II).. 

Norman  Hoback ,  Pred  Grosz,  Carl  Weatherbee  and  Donald 
E.  Drake.  Millikin  University,  Decatur,  Ill.  62522 

Trace  amounts  of  nickel(II)  ions  were  measured 
spectrophotometrically  at  365  mu  and  383  mu  after 
extracting  the  nickel  diethyldithio carbamate  complex 
with  toluene.  This  is  a  rapid  method  for  determining 
nickel  in  the  0-100  parts  per  million  range  and  is 
an  improvement  over  methods  involving  the  use  of 
dimethylglyoxime . 
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The  Sources  of  Phosphates  to  the  Atmosphere  by  P.  Rzeszutko  and 
Thomas  J.  Murphy,  DePaul  University,  Chicago,  II.  60614,  Chem.  Dept. 

The  concentration  and  distribution  of  phosphates  in  the  atmosphere 
in  Chicago  was  determined  for  several  days  with  different  wind  condi¬ 
tions  . 

Also  a  budget  of  the  sources  of  phosphates  in  particulate  matter  in 
the  atmosphere  was  determined.  With  the  exception  of  emissions  from 
fertilizer  manufacturing  and  auto  emissions,  the  concentration  of 
phosphates  in  most  sources  of  particulate  matter  is  similar.  Thus  when 
this  particulate  matter  is  deposited  in  bodies  of  water  and  increases 
the  rate  of  eutrophication,  the  contribution  of  the  different  sources 
of  the  phosphates  can  be  determined. 


The  Importance  of  Phosphates  in  Precipitation  to  the  Eutrophication  of 
Lake  Michigan  by  Paul  V.  Doskey  and  Thomas  J.  Murphy,  DePaul  University 
Chicago,  II.  60614,  Chemistry  Dept. 

The  amount  and  the  importance  of  inputs  of  phosphates  to  Lake  Michi¬ 
gan  from  precipitation  on  the  Lake  surface  was  determined.  The  con¬ 
centration  of  phosphates  in  rainfall  samples  collected  in  different 
locations  around  the  Lake  was  about  four  times  the  concentration  in 
the  Lake  water.  Compared  to  other  sources  of  phosphates  to  the  Lake, 
about  one  third  of  the  phosphates  going  into  the  Lake  is  coming  from 
particulate  matter  scavenged  from  the  atmosphere  by  precipitation. 


A  STUDY  OF  TRACE  CONTAMINANTS  IN  THE  ILLINOIS  RIVER 

Louise  Setzler  and  M.  A.  Taylor,  Bradley  University,  Peoria,  Ill. 

61625 


Monthly  sampling  of  the  Illinois  River  at  Peoria  has  been 
carried  out.  Sampling  is  done  with  the  current  as  the  river  flows 
past  an  industrial  section  of  the  city  to  enable  a  clearer  measure 
of  the  influence  of  the  city  on  river  contamination.  Samples  were 
analyzed  for  Nitrogen,  Phosphorous,  Chemical  Oxygen  Demand,  Chloride, 
Solids,  Ca,  Zn,  K,  Fe,  Mn,  Cu  and  Pb.  Dependence  concentration 
of  these  contaminants  is  shown  to  depend  mainly  in  river  flow  rate 
and  only  to  a  small  degree  on  position  in  the  industrial  area.  Lead 
is  an  interesting  exception  to  this,  with  a  strong  dependence  on 
position  demonstrated  when  runoff  contributes  significantly  to  total 
river  flow. 


Sidney  T.  Smith 8  David  J,  Hagans  Phillip  L.  Gillen8  and 
Carl  Weatherbee.  A  Study  of  the  Influence  of  High  Levels 
of  Traffic  on  the  Health  of  Populations  in  Semi-isolated 
Regions. 

The  program  of  research  is  to  establish  the  correlation 
of  high  levels  of  traffic  (therefore  high  levels  of 
airborne  pollutants)  and  the  incidence  of  various  diseases^ 
disorders  and  discomforts  associated  with  Internal 
Combustion  Engine  Exhausts. 
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THE  ENVIRONMENTAL  STABILITY  OF  LAKE  MICHIGAN'S  BENTHONIC 
COMMUNITY.  Frank  A.  Pranschke  and  Charles  W.  Shabica, 
Northeastern  Illinois  University,  Chiacgo,  Illinois. 

This  study  was  initiated  to  determine  the  environmental 
stability  of  the  deep  water  Lake  Michigan  benthonic  commun 
i ty  thru  time.  Special  techniques  were  developed  for  the 
biological  and  sedimentological  analyses  of  sediment  cores 
Statistical  counts  of  the  numbers  of  Psidium  clams,  Ostra- 
cods,  and  spore  cases  present  in  the  sediments  suggest  eye 
licity  in  the  abundance  of  some  of  the  organisms  thru  time 
The  data,  although  tentative,  indicates  lake  conditions 
may  have  varied  cyclically  during  the  past  6000  years. 
Thus,  the  most  recent  communities  may  not,  as  it  has  been 
suggested,  be  representative  of  a  unidirectional  environ¬ 
mental  degradation  in  the  lake,  but  rather  may  just  be  a 
part  of  a  long  term  cycle  not  presently  explainable. 


TOPOGRAPHY  AND  SEDIMENTATION  AT  THE  MISSISSIPPIAN-PENN- 
SYLVANIAN  UNCONFORMITY  IN  ROCK  ISLAND,  ILLINOIS 
Richard  Leary,  Illinois  State  Museum,  Springfield,  IL 
The  Mississippian-Pennsylvanian  unconformity  is  exposed  in 
the  area  of  Rock  Island,  Ill.,  revealing  a  nearly  flat  pre- 
Pennsylvanian  erosional  surface  dissected  by  steep-sided 
channels  with  flat  bottoms,  3  m  deep  and  12-25  m  wide, 
basically  E-W  oriented.  They  are  filled  with  mudstone/ 
shale  with  sandstone  lenses.  A  few  bedding  planes  contain 
indications  of  disburbance  such  as  sole  markings,  mud 
cracks,  and  possible  burrows. 

Well-preserved  plant  fossils  are  common  on  many  bedding 

planes  and  indicate  an  early  Namurian  (=  basal  Morrowan) 

age.  The  flora  indicates  a  drier  upland  environment  dis¬ 
tinct  from  the  swamp  and  lowland  of  the  Illinois  Basin. 


AN  ANALYSIS  OF  THE  ATTITUDE  STUDY  APPROACH  IN  UNDERSTANDING  THE  ENVIR¬ 
ONMENT:  A  BEHAVIOR  CHANGE  ALTERNATIVE.  Dr.  Doyne  Horsley,  Department 
of  Geography,  Southern  Illinois  University,  Carbondale. 

The  objective  of  the  paper  is  to  argue  for  the  use  of  human  behavior 
data  instead  of  attitude  surveys  only  in  the  analysis  of  man's  rela¬ 
tionship  to  the  environment  and  his  potential  for  change.  The  analy¬ 
sis  involves  a  logic  review  of  the  social  psychology  literature  as 
well  as  that  in  geography  and  resource  management  in  order  to  reveal 
the  need  for  measuring  overt  human  behavior  as  a  more  lasting  indica¬ 
tor  of  man's  relationship  to  his  environment.  The  results  show  that 
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attitude  'surveys  are  basically  measures  of  verbal  behavior  only  while 
unobtrusive  measures  of  actual  human  behavior  give  more  lasting  in¬ 
sight  of  his  relationship  to  the  environment  since  behavioral  change 
techniques  have  been  designed  and  tested  successfully.  It  is  recom¬ 
mended  that  those  studying  man's  relationship  with  the  physical  envi¬ 
ronment  design,  test  and  adopt  strategies  of  manipulating  overt  acts. 


THE  BEHAVIOR  OF  STONES  IN  SOILS,  FredC.  Caspoll,  Dennis  M.  Shannon 
and  Kenneth  W.  Laurie;  Western  Illinois  University,  Macomb,  Illinois  61455 
and  Thornridge  High  School,  Dolton,  Illinois  60419. 

The  mechanics  of  frost  heave  and  the  upward  migration  of  selected  objects 
in  the  soil  are  well  documented  but  there  is  still  some  question  concerning  the 
concentration  of  stones  at  the  surface.  Rock  distributions  in  graded  surface  mine 
spoils  and  glacial  deposits  of  known  age  suggest  that  stones  in  erosion-free  en¬ 
vironments  do  not  move  to  the  surface.  The  results  tentatively  indicate  that  the 
movement  of  fine  particles  to  the  surface  by  the  soil  biota  and  weathering  of 
the  larger  particles  at  the  surface  more  than  overcomes  any  upward  stone  move¬ 
ment.  Preliminary  results  suggest  that  soil  erosion  is  the  primary  cause  of  stone 
concentration  at  the  surface. 


CLASSIFICATION  OF  MAZON  CREEK  FLORA  OCCURRING  IN  FRANCIS 
CREEK  SHALE.  Paul  P.  Sipiera,  B.S.  Sebastian,  W.G.  Rees, 
Aurora  College,  and  J.M.  Korbus,  Northeastern  Ill.  Univ. 
Classification  of  the  varieties  of  plant  fossils  found  in  a 
given  location  may  lead  to  a  reconstruction  of  the  environ¬ 
ment  in  which  they  lived.  One  particular  locality  in  Pit 
11  of  the  Peabody  Coal  Co.  Mine  near  Braidwood,  Illinois 
has  revealed  a  large  number  of  compressional  plant  mega¬ 
fossils  characteristic  of  the  Pennsylvanian  Period.  The 
fossil-bearing  strata  is  Francis  Creek  Shale,  a  member  of 
the  Carbondale  formation,  which  overlies  the  Colchester 
(No.  2)  Coal.  In  the  over  600  specimens  collected,  Ferns, 
Pteridosperms,  Cordaites,  and  Sphenopsids  dominate  with  an 
abundance  of  stems.  In  light  of  this  data,  it  is  suggested 
that  the  conditions  present  during  the  lifetime  of  these 
plants  resembled  a  stream-levee,  flood-plain  environment. 


GEOLOGY  OF  THE  CARIBBEAN:  PHOTOGRAPHIC  OBSERVATIONS. 

Edward  Kerros.  Jackie  Rieckenburg.  William  Solger,  William 
Von  Laven,  James  Evagelatos,  Paul  P.  Sipiera,  Harper 
Community  College,  Palatine,  II. 

Direct  observations  in  Marine  Geology  are  severely  limited. 
Sensative  electronic  apparatus  and  diving  vehicles  are 
widely  employed,  but  the  geologist  requires  a  more  direct 
contact  with  geological  features.  The  use  of  Scuba  tech- 
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niques  affords  the  geologist  the  opportunity  to  make  first¬ 
hand  observations  of  the  seafloor.  One  area  of  particular 
geological  interest  is  the  Caribbean.  This  area  is  very 
significant  due  to  the  presence  of  a  small  tectonic  plate 
and  its  accompaning  trenches  which  are  situated  next  to  the 
larger  American  plate.  Discussion  of  photographs  taken 
within  this  area  will  center  upon  the  coral  reefs  and  drop- 
offs  associated  with  the  surrounding  island  arc  system. 


COMPARISON  OF  THE  PHI  AND  ALPHA  SCALE  IN  GRAIN  SIZE 
ANALYSIS.  Michel  L.  Ricou.  University  of  Bordeaux  I, 
Bordeaux,  France  and  Northeastern  Illinois  University, 
Chicago,  Illinois. 

In  the  grain  size  analysis  of  sand  and  soil  particles 
several  kinds  of  sieves  are  employed.  Within  a  given  set 
of  sieves  the  size  of  the  mesh  openings  differ  from  sieve 
to  sieve,  but  remain  in  a  constant  ratio  in  accordance 
with  a  specific  geometric  progression  so  that  the 
divisions  of  the  abscissa  scale  are  equal.  The  use  of 
sieve  seperation  of  particles  is  of  particular  importance 
to  soil  and  marine  sediment  analyses.  Various  scales  have 
been  devised  to  meet  these  needs.  The  phi  and  alpha  scales 
will  be  compared  with  emphasis  on  the  alpha  scale,  which  is 
the  more  unfamiliar  scale  to  the  American  researcher. 


ANCIENT  HINDUS  &  THE  AGE  OF  THE  EARTH,  Mohan  K.  Sood,  Northeastern  Illinois 
University,  Department  of  Earth  Science,  Chicago,  Illinois. 

The  age  of  the  earth  has  been  and  is  a  point  of  philosophical  and 
scientific  discussion.  Many  methods  of  estimating  the  age  of  the  earth 
have  been  prevalent,  however,  the  advent  of  radioactive  methods  brought 
quantification  in  determining  the  absolute  age  of  the  earth  (and  the 
solar  system) . 

Ancient  Hindus,  based  on  their  astronomical  observations  on  the 
alignment  of  planets  in  a  zero  longitude,  divided  the  chronology  of  the 
earth  into  three  units:  Kalpa,  Maha.yuga,  and  Yuga.  Kalpa  is  the  time 
elapsed  since  the  beginning  and  is  calculated  to  be  4.354  billion  years. 

Each  Kalpa  consists  of  1,008  Mahayuga.  Each  Mayayuga  is  subdivided  into 
four  Yugas  of  1.08  million  years  duration  each.  It  is  important  that 
these  dates  are  probably  the  first  insights  into  the  very  large  age  of 
the  earth  in  conformity  with  modern  geochronological  calculations. 
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METEROLOGY 


A  COMPARISON  0^  THE  THORNTHWAITE  WATER  BUDGET  TECHNIQUE 
FOR  DETERMINING  RUNOFF  VS.  TWO  COMMON  ENGINEERING  TECH¬ 
NIQUES,  Dennis  0.  Inboden,  Department  of  Geography,  South¬ 
ern  Illinois  University,  Carbondale,  Illinois. 

Thr--re  are  a  myriad  of  varying  techniques  to  deter¬ 
mine  how  much  runoff  is  generated  in  a  watershed  by  any 
particular  storm.  This  paper1  is  an  abstract  evaluation 
of  some  of  the  popular  techniques  and  methods  that  are 
employed  in  formulating  a  runoff  statement.  It  compares 
and  analyzes  the  strengths  and  weaknesses  of  all  three 
methods.  A  discussion  is  made  as  to  when  ^ach  of  the 
methois  could  be  used  to  obfain  minimum  error  in  the  eval¬ 
uation  of  mnoff  op  any  one  storm.  It  is  not  intended 
that  a.  decision  be  made  as  to  which  of  the  techniques  is 
the  best  but  rather  to  introduce  some  of  the  theoretical 
thought  behind  each  method. 


CLIMATIC  VARIABLES  AS  PREDICTORS  OF  SUSPENDED  SEDIMENT  YIELD 
REDMOND  CLARK,  DEPT.  OF  GEOGRAPHY,  SIU-C,  CARBONDALE  ILL.  62901 

Because  of  the  importance  of  water  availability  to  sediment 
production  and  removal,  an  attempt  was  made  to  assess  the  relation¬ 
ship  water  availability  and  suspended  sediment  output  in  the  Bor- 
beuse  River  Basin  above  Union,  Mo.  A  programmed  daily  water  balance 
was  used  to  calculate  ten  variables  that  give  indications  of  environ¬ 
mental  moisture  conditions  over  the  two  year  per iodl945-46 ,  and  the 
variables  were  compared  to  suspended  sediment/measurements  through  a 
stepwise  multiple  linear  regression.  The  results  indicated  a  multiple 
correlation  coefficient  of  0.71  between  suspended  sediment  and 
predicted  runoff,  moisture  surplus,  and  a  linear  sediment  prediction 
index.  The  variance  explained  by  three  "moisture"  variables  seems 
to  indicate  the  important  influence  of  "effective  climate"  on 
geomorphic  process. 


PREDICTION  OF  THE  LOWER  LIMIT  OF  DISCONTINUOUS  ALPINE  PERMAFROST 
Charles  C.  Ryerson,  Department  of  Geography,  Southern  Illinois 
University,  Carbondale,  Illinois. 

Thompson  (1970)  derived  a  mathematical  statement  for  the 
relationship  of  the  lower  limit  of  discontinuous  alpine  permafrost 
to  the  upper  limit  of  alpine  timberline.  Using  the  definition  of 
the  limit  of  discontinuous  permafrost  as  coinciding  with  the  iso¬ 
therm  of  30°F  for  the  mean  annual  temperature  as  suggested  by  Brown 
(1967),  a  standard  "normal"  air  temperature  lapse  rate,  and  timber- 
line  elevation  and  temperature  range  at  timberline  data  from  Ryerson 
(1973) ,  the  predicted  lower  limit  of  discontinuous  alpine  permafrost 


was  calculated  and  mapped  for  the  western  United  States,  The 
technique  could  easily  be  modified  by  using  empirically  derived 
alpine  lapse  rates  and  by  varying  the  thermal  limit  of  permafrost. 
The  technique  may  be  useful  for  determining  the  mechanism  for 
cryogenic  geomorphic  features  in  alpine  regions. 


TESTING  THE  "CRITICAL  PERIOD"  HYPOTHESIS  FOR  SPRING  AND  WINTER  WHEAT, 
Daniel  W.  Bridge,  Dept,  of  Geography,  Southern  Ill,  Univ,  Carbondale. 

Studies  conclude  that  a  critical  period  of  moisture-need  exists 
for  wi  t  at,  To  test  this,  models  using  simple  climatic  data  as  imput 
are  u  d  to  simulate  moisture-stress  conditions  during  phenological 
stage  for  wheat  in  field  plots  at  three  agricultural  experimental 
stations  on  the  Great  Plains.  A  statistical  analysis  is  used  to  de- 
termir  whether  a  "critical  period"  of  moisture-need,  as  defined  by 
Azzi,  xists  for  spring  or  winter  wheat.  The  analysis  results  con¬ 
tend  that  Azzi ' s  critical  period  does  not  exist.  Arguments  are  of¬ 
fered  against  statistical  techniques  that  have  been  traditionally 
used  to  support  the  hypothesis  suggesting  a  critical  period  of 
moisture-need  exists  for  wheat. 


MICROBIONICS 


STAINING  OF  LIPOPOLYSACCHARIDE  COMPONENTS  FROM  GRAM(-)  BACTERIA  AFTER 
POLYACRYLAMIDE  GEL  ELECTROPHORESIS.  David  A.  Brown  and  Joseph  C.  Tsang, 
Ill.  State  Univ,,  Normal,  IL  61761. 

Lipopolysaccharides  (LPS)  are  characteristic  components  of  the  cell 
envelope  of  gram(-)  bacteria.  Although  there  are  several  characteristic 
marker  molecules,  such  as  KDO  and  B-hydroxy  myristate,  available  for 
the  identification  of  LPS,  there  has  been  no  simple  technique  for  its 
detection.  Our  staining  procedure  is  based  on  the  quantitative  analysis 
of  LPS  with  the  carbocyanine  dye.  Isolated  LPS  was  submitted  to  a  5.25 % 
polyacrylamide  gel  electrophoresis.  The  gels  were  stained  overnight  in 
the  dark  with  a  .05%  solution  of  carbocyanine  dye  which  was  prepared 
by  adding  carbocyanine  to  mixture  of  formamide,  isopropanol,  3M  Tris- 
HC1  pH  8.8,  and  water (20 : 50 : 1 : 130v/v/v/v) ,  After  destaining  in  water, 
the  gels  were  scanned  in  a  spectrophotometer.  LPS,  if  present,  gives  a 
characteristic  yellow  band  with  a  maximum  absorbance  of  462  nm.  This 
method  was  successfully  applied  to  the  detection  of  LPS  in  the  inner 
and  outer  membrane  fractions  from  Serratia  marcescens. 


A  RAPID  TEST  FOR  ASSISTANCE  IN  THE  IDENTIFICATION  OF  BOTH  FACULTATIVE 
AND  ANAEROBIC  GRAM  NEGATIVE  BACTERIA.  Paul  A.  Freier ,  Michael  H.  Graves 
and  Frank  E.  Kocka ,  Dept.  Pathology,  Univ,  of  Chicago,  Chicago  IL  60637. 

The  lysine  and  ornithine  decarboxylase  tests  are  used  as  integral 
reactions  for  the  identification  of  Gram  negative  bacteria.  Although 
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the  glutamic  decarboxylase  test  has  been  known  for  years  it  has  not 
been  used  in  a  routine  clinical  laboratory.  A  simple  rapid  modifica¬ 
tion  of  the  glutamic  decarboxylase  test  is  described.  Our  data  shows 
that  the  distribution  of  this  enzyme  among  Gram  negative  bacteria 
seems  confined  to  facultative  and  anaerobic  bacteria.  The  enzyme  was 
not  detected  in  any  of  the  non-f ermentative  Gram  negative  organisms 
studied.  The  possible  values  of  this  test  are:  separation  of 
Escherichia  coli  from  the  Serratia-Enterobacter  -  Klebsiella  group; 
speciation  of  Providencia  strains  and  an  aid  in  speciating  anaerobic 
Gram  negative  rods. 


THE  USE  OF  ACETAMIDE  AGAR  IN  AN  IDENTIFICATION  SCHEME  FOR  GRAM 
NEGATIVE-NONFERMENTATIVE  BACTERIA  ISOLATED  FROM  CLINICAL  SPECIMENS 
Diane  Takasugi ,  Richard  Tarlov  and  Frank  E_.  Kocka,  Dept.  Pathology 
University  of  Chicago,  Chicago,  Illinois  60637. 

If  the  role  Gram  negative-nonf ermentative  bacteria  play  in  clini¬ 
cal  infections  is  to  be  established,  these  organisms  must  first  be  pro-' 
perly  identified.  A  scheme  based  on  the  production  of  acid  in  OF 
glucose  medium,  the  oxidase  test  and  motility  divides  these  organisms 
into  8  groups.  These  8  groups  are  further  subdivided  into  species  by 
means  of  a  few  more  biochemical  reactions.  One  of  these  tests,  the 
deamination  of  acetamide  at  42C  was  unique  to  Pseud omonas  aeruginosa. 
Over  400  different  isolates  of  this  organism  were  positive  for  this 
test  at  42C  and  none  were  negative,  whereas,  cultures  of  several  other 
species  of  non-fermentative  bacteria  could  deaminate  acetamide  at  30 
or  35C.  The  test  therefore  gives  a  presumptive  identification  of 
P_.  aeruginosa. 


ULTRASTRUCTURE  AND  ELEMENTAL  COMPOSITION  OF  DORMANT  AND  GERMINATING 
DIPLOPIA  MAYDIS  SPORES.  Judith  A.  Murphy ,  Mary  Thompson,  A.J.Pappelis 
Center  for  Electron  Microscopy,  SlU-Carbondale ,  II.  62901 

The  ultrastructure  of  D_.  maydis  was  studued  in  thin  sections  with 
a  Transmission  EM.  Inner  vacuoles  were  evenly  distributed.  Dormant 
and  germinating  spores  were  studied  with  a  Scanning  EM  and  also  with  a 
Si  (Li)  energy  dispersive  x-ray  analyzer.  Germination  proceeded  via  a 
germ  tube  from  the  side  of  one  end  of  the  cell.  X-ray  analyses  re¬ 
vealed  that  spore  populations  contained  large  amounts  of  Si,  P,  Cl  and 
K,  smaller  amounts  of  S  and  Ca  and  trace  amounts  of  Mg  and  A1 .  Anal¬ 
yses  of  single  spores  revealed  a  high  K  and  Cl  and  low  P  and  Mg  at  one 
end  of  the  cell  with  concomitant  low  K  and  Cl  and  high  P  and  Mg  in  the 
central  portion  and  other  end  of  the  cell.  In  two-celled  germinating 
spores,  high  K  and  Cl  occurred  in  the  non-germinating  end  while  the 
germinating  cell  contained  high  P  and  Mg  and  low  K  and  Cl.  X-ray  maps 
revealed  that  K  and  Cl  were  located  together  at  one  end  of  the  spore. 


RELEASE  OF  PERIPLASMIC  PROTEINS  BY  OSMOTIC  SHOCK  AND  POLYMYXIN  B 
TREATMENT:  A  COMPARATIVE  STUDY.  Larry  V.  Page  and  Joseph  C.  Tsang,  Ill, 
State  Univ. ,  Normal,  IL  61761, 

Periplasmic  proteins  from  gram(-)  bacteria  are  releasable  by  several 
mild  techniques,  such  as  osmotic  shock  and  polymyxin  B  treatment.  Al¬ 
though  proteins  released  by  polymyxin  B  from  Serratia  marcescens  have 
been  reported,  information  from  osmotic  shock  is  not  available.  This 
study  was  intended  to  compare  the  protein  fractions  released  by  these 
two  methods.  Freshly  washed  cells  in  saline  were  treated  with  polymyxin 
B.  Osmotic  shock  fluid  was  prepared  by  first  washing  cells  with  tris- 
EDTA  and  quickly  resuspending  in  cold  water.  Both  the  polymyxin  B  ex¬ 
tracts  and  the  osmotic  shock  fluid,  when  analysed  by  SDS-polyacryl- 
amide  gel  electrophoresis,  revealed  multiple  components.  It  appears, 
however,  that  polymyxin  B  treatment  is  a  more  selective  method  of  re¬ 
lease,  and  therefore  more  useful  for  periplasmic  preparations  than 
the  classic  osmotic  shock  technique. 


LIPID  ANALYSIS  OF  SERRATIA  MARCESCENS  SENSITIVE  AND  RESISTANT  TO  KANA- 
MYCIN.  Alan  Wade  and  Joseph  C.  Tsang,  Ill.  State  Univ.,  Normal,  IL. 

Although  the  mechanism  of  resistance  to  kanamycin  of  gram(-)  bacteria 
is  known  to  involve  the  enzymatic  inactivation  of  the  antibiotic 
through  acetylation  or  phosphorylation,  the  importance  of  cell  envelope 
lipid  in  preventing  kanamycin  from  reaching  the  site  of  lethal  action 
has  not  been  reported.  Therefore,  we  studied  the  lipid  composition  of 
S_,  marcescens  sensitive  and  resistant  to  kanamycin.  The  total  lipids 
were  extracted  from  whole  cells  using  CHCI3-CH3OH  and  the  phospho¬ 
lipids  were  separated  from  the  total  lipids  by  thin-layer  chromato¬ 
graphy,  After  hydrolysis,  the  fatty  acids  were  extracted  and  methylated 
for  gas  chromatographic  analysis.  Although  the  amounts  of  extractable 
lipid  were  similar  (7-8%) ,  the  phospholipid  content  was  higher  in  re¬ 
sistant  strains  (85-90%)  than  in  sensitive  strains  (73-82%) ,  No  signi¬ 
ficant  differences  were  seen  in  the  phospholipid  distribution,  as  well 
as  fatty  acid  composition  of  sensitive  and  resistant  strains. 


CHARACTERIZATION  OF  OUTER  MEMBRANE  FROM  SERRATIA  MARCESCENS.  Gary 
Button  and  J.C.  Tsang,  Ill.  State  Univ.,  Normal,  IL  61761. 

Since  the  outer  membrane  of  Gram(-)  bacteria  is  in  direct  contact 
with  the  environment  its  composition  and  morphology  could  influence 
susceptibility  to  antibiotics.  This  study  was  undertaken  to  character¬ 
ize  isolated  outer  membranes  from  strains  of  S_.  marcescens  of  different 
antibiotic  sensitivity.  Outer  membrane  from  antibiotic-resistant  strain 
08  was  isolated  by  sucrose  gradient  density  centrifugation  after  Boni¬ 
fication  of  lysozyme-EDTA  treated  whole  cells.  It  contains  25.1%  carbo¬ 
hydrate,  39%  protein,  and  has  bouyant  density  1.227  g/cc.  SDS-polyacryl- 
amide  gel  electrophoresis  shows  protein  components  of  mol.  wt .  18,500, 
39,000,  and  several  minor  components  of  mol,  wt .  greater  than  40,000. 
These  results  compare  favorably  with  those  reported  for  outer  membrane 
components  from  other  Gram(-)  bacteria,  For  comparison,  outer  membrane 
from  antibiotic-sensitive  Bizio  strain  will  also  be  isolated  and 
characterized.  This  study  was  supported  by  Research  Corporation. 
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THE  EFFECT  OF  POLYMYXIN  B  TREATMENT  OF  SERRATIA  MARCESCENS:  A  CHEMICAL 
AND  MORPHOLOGICAL  STUDY.  Douglas  Weber,  David  Brown,  and  Joseph  C. 
Tsang.  Ill.  State  Univ.,  Normal,  IL  61761. 

Although  several  antibiotics,  especially  the  polymyxins,  produce  some 
morphological  changes  at  the  cell  surface  of  gram(-)  bacteria,  the  site 
and  nature  of  these  modifications  remain  unknown.  However,  studies  on 
isolated  lipopolysaccharide  (LPS) ,  a  component  of  the  outer  membrane  of 
the  cell  envelope,  suggested  that  polymyxin  B  can  dissociate  these  mol¬ 
ecules.  In  order  to  demonstrate  that  the  in  vivo  effect  of  polymyxin  B 
is  similar  to  its  in  vitro  effect,  we  isolated  the  LPS  from  sensitive 
and  resistant  cells  before  and  after  polymyxin  B  treatment,  and  subse¬ 
quently  studied  the  morphological  changes  in  the  cell  envelope  by  elec¬ 
tron  microscopy.  Preliminary  results  indicated  that  some  protrusions 
appeared  at  the  cell  surface  after  treatment  in  both  sensitive  and  re¬ 
sistant  cells.  However,  the  latter  gave  much  higher  yields  of  LPS  and 
higher  glucosamine  content  in  the  isolated  LPS  molecules.  Electron 
micrographs  utilizing  various  techniques  will  also  be  presented. 


ALKALINE  PHOSPHATASE  ACTIVITY  FROM  SERRATIA  MARCESCENS.  David  M.  Kranz , 
David  C.  Smith,  Larry  V.  Page  and  Joseph  C.  Tsang.  Ill.  State  Univ,, 
Normal,  IL  61761. 

Alkaline  phosphatase  widely  occurs  in  plants,  animals  as  well  as  in 
microbes.  In  microorganisms,  this  enzyme  exists  in  two  forms,  consti- 
tutively  and  inducable  by  the  absence  of  phosphate.  In  this  study  we 
intend  to  compare  the  periplasmic  alkaline  phosphatase  activity  from  S_. 
marcescens  as  released  by  polymyxin  B  treatment.  Strains  08  (nonclin- 
ical)  and  #6292  (clinical)  grown  on  low  phosphate  medium  were  treated 
in  saline  solution  with  polymyxin  B.  After  centrifugation  the  superna¬ 
tants  were  dialysed  and  lyophilized.  Alkaline  phosphatase  activity  was 
monitored  by  enzyme  assay  in  p-nitrophenyl  phosphate.  Alkalinq  phospha¬ 
tase  activity  was  detected  in  both  high  and  low  phosphate  growth  medium. 
SDS-polyacrylamide  gel  electrophoresis  will  be  used  to  compare  compo¬ 
nents  released  by  cells  grown  in  both  medium.  It  appears  that  in  S_, 
marcescens ,  the  enzyme  is  not  repressed  by  high  phosphate. 


EFFECT  OF  DELAYED  HARVEST  AND  SYSTEMIC  FUNGICIDES  ON  INTERNALLY  SEED- 
BORNE  FUNGI  AND  GERMINATION  OF  SOYBEAN  SEEDS.  M.  A.  Ellis,  M.B.  Ilyas 
and  J.  B.  Sinclair ,, Department  of  Plant  Pathology,  University  of  Ill¬ 
inois,  Urbana,  IL  61801. 

Benomyl,  a  systemic  fungicide,  was  applied  at  a  half  and  1  lb  active 
ingredient /acre  to  soybeans  (Glycine  max  (L.)  Merr.)  at  different 
dates  through  the  growing  season.  Half  a  row  of  each  treatment  was 
harvested  at  maturity  and  the  other  half  4  weeks  later.  All  fungicide 
treatments  significantly  reduced  the  percentage  occurrence  of  intern¬ 
ally  seed-borne  Diaporthe  phaseolorum  var.  sojae  (Phomopsis  sp.)  at 
both  harvest  dates.  The  percentage  total  fungi  was  greater  and  germ¬ 
ination  was  significantly  lower  in  seeds  from  control  plants  of  the 
delayed  harvest  than  those  from  the  first  harvest.  Seeds  from  the 
delayed  harvest  treated  with  benomyl  had  a  lower  percentage  of  total 

fungi  and  a  higher  percentage  germination  than  those  from  nontreated 
plants . 
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EFFECT  OF  MICROWAVE  IRRADIATION  ON  SOYBEAN  GERMINATION  AND  MICROORGAN¬ 
ISMS.  Gene  M.  Milbrath  and  Stephen  M.  Ries .  Dept.  Plant  Pathology, 
University  of  Illinois,  Urbana,  Illinois  61801 

Soybean  seeds  at  various  moisture  levels  were  treated  with  micro- 
wave  irradiation  at  10  second  intervals  from  0  to  240  seconds.  The 
treated  seeds  were  germinated  on  cellulose  pads  in  a  commercial  seed 
germinator  at  25  C.  Germination,  %  fungi,  and  %  bacteria  were  record¬ 
ed  after  4  days.  A  similar  series  of  treatments  were  prepared  and 
planted  as  a  field  trial.  Plant  stand,  height,  %  virus  and  yield  were 
recorded.  As  the  seed  decreased  in  germination,  the  incidence  of 
fungi  also  decreased,  but  the  bacteria  increased.  There  was  an  in¬ 
creased  yield  over  the  control  treatments.  Virus  incidence  signifi¬ 
cantly  increased  with  time  of  exposure  and  moisture  level. 


EFFECT  OF  VARIOUS  FUNGICIDES  ON  APPLE  POLLEN  GRAIN  GERMINATION  IN  VITRO 
Stephen  M.  Ries.  Dept,  of  Plant  Pathology,  Univ,  of  Ill,,  Urbana,  IL. 

Fungicides  designed  to  control  diseases  of  apple  (Malus  sylvestris) 
var.  Jonathan  during  the  bloom  period  varied  in  toxicity  to  Jonathan 
apple  pollen.  The  toxicity  was  reflected  in  reduced  pollen  grain 
germination  and  in  many  cases  reduced  germ  tube  elongation  under  in 
vitro  conditions.  Benlate  50W  was  the  least  toxic  fungicide  tested  re¬ 
ducing  pollen  germinability  by  40%  and  inhibiting  germ  tube  growth  by 
50%.  Cyprex  65W  reduced  germination  by  70-90%  depending  on  the  rate 
used  but  did  not  affect  germ  tube  elongation.  Captan  50W  reduced  germ¬ 
ination  by  90%  and  inhibited  germ  tube  growth  by  70%.  The  dithiocar- 
bamate-containing  fungicides  (Zineb  50W,  Dikar  80W,  Polyram  80W)  were 
the  most  toxic  materials  examined  reducing  germination  by  nearly  100%, 
The  bactericide  Streptomycin  17W  exerted  no  measurable  effect  on 
pollen  germinability. 


CONTROL  OF  CHARCOAL  ROT  OF  SOYBEANS  BY  SOIL  FUNGICIDES,  M.B .  Ilyas, 
M.A.  Ellis ,  and  J.B.  Sinclair,  Dept,  of  Plant  Pathology,  Univ.  of  Ill. 
Urbana,  IL  61801. 

Macrophomina  phaseolina  (Rhizoctonic  bataticola) ,  causal  agent  of 
charcoal  rot  of  soybean  rGlycine  max) ,  mycelium  varied  in  its  sensiti¬ 
vity  to  10  soil  fungicides  In  vitro .  Benomyl  was  the  most  effective 
fungicide  in  reducing  M.  phaseolina  sclerotial  populations  in  the 
field,  and  soybean  seedling  infection  in  the  greenhouse  and  field. 
Thiabendazole  was  quantitatively  less  effective  than  benomyl  in  re¬ 
ducing  seedling  infection  in  the  field  and  greenhouse,  Benomyl  and 
pentachloronitrobenzene  showed  phytotoxicity  by  reducing  emergence 
and  stand.  Thiabendazole  and,  in  spite  of  its  phytotoxicity,  benomyl 
are  the  most  promising  of  the  fungicides  tested  for  control  of 
charcoal  rot  of  soybean  and  possibly  other  crops. 
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EFFECT  OF  DIAPORTHE  PHASEOLORUM  VAR.  SOJAE  (PHOMOPSIS  SP.)  ON  SOYBEAN 
SEED  QUALITY  IN  ILLINOIS.  M. A.  Ellis,  M.B ,  Ilyas,  and  J.B.  Sinclair 
Dept,  of  Plant  Pathology,  Univ.  of  Ill.,  Urbana,  IL  61801. 

D.  phaseolorum  var,  sojae,  causal  agent  of  soybean  pod  and  stem 
blight  is  internally  seed-borne.  Infected  seeds  may  be  shrunken, 
shriveled  and  discolored,  and  serve  as  a  source  of  primary  inoculum. 
The  fungus  first  colonizes  the  seedcoat  and  the  first  few  cell  layers 
of  the  cotyledons,  and  under  favorable  conditions,  may  cover  the  seeds 
with  a  mass  of  white  mycelium.  Seedlings  from  infected  seeds  may  be 
killed.  The  fungus  has  been  consistently  isolated  from  soybean  seeds 
produced  in  Illinois  during  the  1972  and  1973  growing  seasons.  It 
appears  to  be  an  increasing  threat  to  the  production  of  high  quality 
soybean  seeds,  especially  in  growing  areas  where  adverse  weather  con¬ 
ditions  delay  harvest.  Seed  treatment  with  captan  and  thiuram  is 
effective  in  increasing  the  germination  of  soybean  seed  lots  having  a 
high  percentage  occurrence  of  ID.  phaseolorum  var,  so j ae . 


SEED-BORNE  PATHOGENS  IN  ILLINOIS  SOYBEAN  SEEDS.  Frank  D.  Tenne,  C.  C. 
Machado,  C.  Prasartsee,  and  J.  B.  Sinclair.  Department  of  Plant  Path¬ 
ology,  Univ.  of  Illinois,  Urbana,  61801. 

Soybean  seed  quality  is  of  increasing  importance  to  Illinois  soy¬ 
bean  growers.  The  occurrence  of  internally  seed-borne  pathogens  of 
soybean  seeds  that  affect  seed  quality  was  studied.  'Amsoy'  and  'Way¬ 
ne'  soybean  (Glycine  max)  seed  lots  in  1972,  1973  from  north,  central 
and  southern  regions  of  Illinois  were  assayed  for  internally  seed- 
borne  fungi  and  bacteria.  Percentage  germination,  total  fungi,  and 
Diaporthe  phaseolorum  var.  sojae  (Dps )  and  Bacillus  subtilis  differed 
significantly,  in  1972,  among  regions  for  'Wayne'  but  not  'Amsoy'. 

Seed  lots  from  1973  showed  significant  differences  for  total  fungi  and 
DPS  for  both  varieties,  but  only  significant  differences  in  percent 
B.  subtilis  for  regions  for  'Wayne'  but  not  'Amsoy'.  There  was  a  high 
correlation  between  occurrence  of  B.  subtilis ,  total  fungi,  Dps  and 
percent  germination  among  both  cultivars. 


PHYSICS  WITH  THE  ILLINOIS  SECTION  OF  THE 
AMERICAN  ASSOCIATION  OF  PHYSICS  TEACHERS 


TEMPERATURE  HISTORY  OF  THE  EARTH,  T.  B.  Holliday,  Elmhurst  College 
An  exponential  cooling  curve  model  of  earth  history  from  an  in¬ 
itial  formation  temperature  of  6000°K  to  the  present  300°K  at  the 
equatorial  surface  was  developed  to  test  correlation  with  biolog¬ 
ical  and  geological  history.  The  model  shows  that  water  condensed 
at  the  poles  650  million  years  ago,  and  at  the  equator  300  million 
years  ago.  Polar  ice  caps  (glaciers)  could  not  have  formed  before 
250  million  years  before  present.  The  model  suggests  that  the  inner 
core  is  composed  of  the  very  heavy  elements,  including  radioactive 
material  that  provides  geothermal  heat  which  warms  the  earth  to 
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220°K,  while  solar  heat  adds  another  80°  at  the  equator.  Fossils 
reported  to  be  three  billion  years  old  were  probably  crystallized 
minerals,  and  the  African  glacier  of  400  million  years  ago  was 
probably  a  folding  of  the  earth's  crust.  The  earth  can  sustain  plant 
life  for  another  150  million  years. 


MOSSBAUER  STUDY  OF  IRON  (II)  7 , 7 , 8 , 8-tetracyanoquinodimethanide  tri¬ 
hydrate  (Fe(TCNQ)2-3H20)t,  E.  (Bunny)  Chain*,  C.W.  Kimball,  D.N.  Kevin, 
and  L.IV.  Weber.  Northern  Illinois  University,  DeKalb,  Illinois  60115. 
The  conducting  organic  salts  of  the  TCNQ  radical  anion  are  found  to 
crystallize  in  chains  of  various  stacking.  The  temperature  depen¬ 
dence  of  the  Mossbauer  parameters  has  been  measured  between  4.2  and 
295  K  for  57pe  pn  Fe (TCNQ) 2 • 3H20 .  The  isomer  shift  and  quadrupolar 
coupling  indicate  that  in  Fe (TCNQ)2 • 3H20  the  Fe  is  in  a  2+,  high 
spin,  valence  state.  The  temperature  dependence  of  the  MOssbauer 
parameters  strongly  suggests  that  a  phase  transition  takes  place  be¬ 
low  80  K.  The  thermal  shift  and  Debye-Waller  factor  are  treated  in 
terms  of  both  Einstein  and  Debye  models. 

^Work  supported  by  a  National  Science  Foundation  grant. 

*NSF  Undergraduate  Research  Participant  (summer  1974) . 


DISCOVERY  OF  NEW  ELEMENTARY  PARTICLES 
John  Peoples,  Jr. 

Fermi  National  Accelerator  Laboratory 
Batavia,  Illinois 

A  description  of  the  quark  model  of  elementary 
particles  will  be  given.  Particular  emphasis  will  be 
placed  on  the  discovery  of  the  ip  particles  and  the 
implications  to  the  quark  model. 


EXPERIMENTAL  DETERMINATION  OF  THE  NEUTRON  SENSITIVITY  FUNCTION  OF  A 
DOSIMETER.  F .  T .  Kuchnir ,  C.  J.  Vybomy , *  C.  E.  Nelson*  and  L.  S. 
Skaggs.  Dept,  of  Radiology  and  The  Franklin  McLean  Mem.  Res.  Inst, 
(operated  by  the  Univ.  of  Chicago  for  the  US  ERDA) ,  University  of 
Chicago,  Chicago,  Illinois  60637 

The  neutron  to  gamma-ray  sensitivity  ratio  has  been  measured 
experimentally  for  a  number  of  dosimeters.  The  procedure  is  based 
on  the  availability  of  a  mixed  radiation  field  having  a  non-isotopic 
neutron  distribution  and  an  isotropic  gamma -ray  component.  Such 
mixed  fields  are  obtained  in  the  bombardment  of  a  thick  beryllium 
target  by  14.8  MeV  protons,  8.3  MeV  deuterons  and  20.3  MeV  * He -ions. 
Accurate  neutron  spectral  distributions,  measured  by  time -of -flight 
techniques,  and  an  unfolding  computer  code,  were  used  to  obtain  the 
sensitivity  ratio  as  a  function  of  neutron  energy  from  0  to  20  MeV. 
*Supported  by  PHS  Grant  from  the  National  Cancer  Institute. 
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TWO  NUMERICAL  METHODS  FOR  SOLVING  EQUATIONS  OF  THE  FORM  X  =  C  SIN  X 
AND  X  =  C  TAN  X.  Dennis  C.  Henry,  Physics  Department,  Highland 
Community  College,  Freeport,  Illinois  61032. 

The  intensity  distribution  in  a  Fraunhofer  single-slit  diffraction 
pattern  is  described  by  transcendental  equations  of  the  form  X  = 

C  SIN  X  and  X  =  C  TAN  X.  The  first  equation  appears  in  the  solu¬ 
tion  for  the  width  of  the  central  maximum  of  the  pattern.  The 
second  results  from  an  attempt  to  locate  the  positions  of  the  sec¬ 
ondary  maxima.  Students  who  are  used  to  explicit  (closed)  solu¬ 
tions  of  equations  are  often  distressed  by  the  apparent  need  for 
trial-and-error  methods.  An  iteration-substitution  method  suc¬ 
ceeds  in  the  first  equation  but  fails  to  converge  in  the  second. 

The  Newton-Raphson  method  converges  rapidly  in  both  cases. 
Algorithms  employing  pocket  calculators  are  presented. 


WELCOME  TO  THE  WORLD,  APPLIED  PHYSICS  FOR  FRESHMEN  SCIENCE  MAJORS 
By  Thomas  M.  Holzberlein  Principia  College  Elsah,  IL  62028 
A  successful  calculus  based  freshman  physics  course  has  evolved 
at  Principia  College  over  the  past  half  decade.  Special  features 
of  the  laboratory  program  include:  student  prepared  feasibility 
study  of  original  experiments,  group  analysis  of  data,  group  oral 
quizzes  employing  a  special  grading  scheme  to  motivate  peer  communi¬ 
cation.  Double  credit  is  awarded  for  student-proposed  experiments 
directly  related  to  the  needs  of  society  e.g.  crime  control,  waste 
disposal,  energy  conversion  etc.  Schematic  slides  of  nineteen 
original  experiments  will  illustrate  use  of  automobiles,  tape 
recorders,  cameras  and  other  equipment  readily  available  outside 
the  usual  laboratory  inventory. 


FOURIER  ANALYSIS  IN  THE  LABORATORY,  Thomas  D.  Rossing,  Northern  Illi¬ 
nois  University,  DeKalb,  IL  60115. 

The  equipment  required  for  making  Fourier  analyses  of  complex  wave¬ 
forms  in  the  laboratory  varies  from  graph  paper  and  slide  rule  to  real 
time  spectrum  analyzers  costing  tens  of  thousands  of  dollars.  Some 
of  the  more  popular  methods  of  spectrum  analysis  are  reviewed,  and 
typical  equipment  is  described.  Special  attention  is  paid  to  measur¬ 
ing  the  spectra  of  musical  sounds  and  environmental  noise.  Several 
experiments  appropriate  for  undergraduate  laboratories  are  described. 


"NATIONAL  AAPT  GOALS  AND  ROLES— A  REPORT"  H.  John  Sathoff 
Bradley  University,  Peoria,  Illinois  61625 

Mine  AAPT  goals  were  presented.  I.  To  make  improvements  in  communi¬ 
cations  within  AAPT.  II.  To  make  recommendations  for  standards  of 
teaching  loads.  III.  For  each  regional  section  to  have  officers  who 
complete  their  duties  effectively.  IV.  For  officers  and  members  to 
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be  constantly  alert  to  public  authorities  setting  teaching  levels. 

V.  To  maintain  a  roster  of  consultants  supportive  of  teaching  physics. 

VI.  To  devise  national  examinations  for  college  level  physics  advise¬ 
ment  and  to  sell  such  examinations.  VII.  To  consider  new  contribu¬ 
tions  of  AAPT  to  public  service.  VIII.  To  increase  membership.  IX.  To 
have  contiguous  regional  sections. 


ZOOLOGY 


SCANNING  AND  TRANSMISSION  ELECTRON  MICROSCOPY  OF  SENSORY  RECEPTORS  OF 
PHILOFHTHALMS . MEGALURU S ,  AN  EYEFLUKE  OF  BIRDS.  H.H,  Edwards.  P.M. 
Nollen,  Dept,  of  Biol.  Sci. ,  Western  Illinois  U.  and  M.J. 
Nadakavukaren,  Dept,  of  Biol.  Sci.,  Illinois  State  U. 

"  Scanning'  electron  microscopy  reveals  knobbed  structures  on  both 
the  inside  and  outside  of  the  oral  sucker  of  the  eyefluke  which  are 
presumed  to  be  sensory  receptors.  In  the  transmission  electron  micro¬ 
scope  these  knobbed  structures  can  be  divided  into  different  types. 

On  the  inside  of  the  sucker  only  one  type  occurs  having  a  bulbous  form 
topped  by  a  cilium  with  the  typical  9  +  2  arrangement  of  microfila— 
ments.  The  cilium  terminates  in  an  elongated  rootlet  which  extends 
beneath  the  tegument.  At  least  two  other  types  of  knobbed  structures 
occur  on  the  outside  of  the  sucker.  One  type  contains  a  cilium  and 
appears  similar  to  the  structure  on  the  inside  except  the  cilium  pro¬ 
trudes  further  above  the  surface  of  the  tegument.  The  second  type 
contains  glands  which  secrete  electron-dense  granules  and  no  cilia. 


AN  INTERSPECIFIC  STUDY  OF  THE  DIVING  REFLEX,  Bruce,  D.  S.,  J.  A. 
Magary,  J.  S.  Westerhoven,  D.  F.  Speck,  J.  E.  Thompson,  M.  E.  Weaver, 
and  P.  J.  Dykema.  Biology  Dept.,  Wheaton  College,  Wheaton,  IL  60187. 

Heart  rates  (EKG)  of  seven  vertebrate  species  (human,  rat,  hamster, 
duck,  turtle,  frog,  mudpuppy)  were  recorded  during  diving  (head  immer¬ 
sion).,  as  well  as  during  pre-dive  control  and  post-dive  recovery  per¬ 
iods.  For  the  humans,  indirect  blood  pressure  was  also  determined 
for  the  same  periods  and  for  breath-holding  without  face  immersion. 
Significant  diving  bradycardia  occurred  in  the  mammals  and  duck, 
but  not  in  the  reptile  and  amphibia,  nor  during  simple  breath-hold¬ 
ing  in  the  human.  Diastolic  pressure  was  elevated  in  the  humans 
during  face  immersion.  Results  suggest  that  the  diving  reflex  is 
of  greater'  adaptive  importance  to  air-breathing  endotherms  (mammals 
and  birds)  than  to  aquatic  ectotherms  with  lower  metabolic  rates  and 
alternative  respiratory  devices. 
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THE  INFLUENCE  OF  TESTOSTERONE  ON  THE  ULTRAS TRUCTURE  OF  THE  HAMSTER. 
HARDERIAN  GLAND.  W.  L.  Lin  and  M.  J.  Nadakavukaren,  Biological  Sci¬ 
ences  Department,  Illinois  State  University,  Normal,  Illinois  61761. 

Sexual  dimorphism  of  the  hamster  Harderian  gland  is  well  recognized  at 
the  light  and  electron  microscope  levels.  The  typical  features  of  the 
Harderian  gland  from  an  adult  male  are  the  presence  of  cylindrical 
tubules,  large  vacuoles,  and  an  absence  of  pigmentation.  Harderian 
glands  of  castrated  male  hamsters  show  characteristic  features  of  the 
glands  from  the  adult  females  such  as  a  proliferation  of  cytoplasmic 
membranes  and  Golgi  cistemae,  numerous  small  vacuoles,  and  the  pre¬ 
sence  of  a  black-brown  pigment.  It  was  found  that  the  maintenance  of 
castrated  male  hamsters  on  a  daily  dose  of  2  mg  of  testosterone  pre¬ 
vented  the  Harderian  glands  of  these  animals  from  being  altered. 


AGING  PATTERNS  OF  LACTATE  DEHYDROGENASE  ISOZYMES  IN  THE  NEMATODE 
PANAGRELLUS  SILUSIAE.  (NEMATODES  ARE  USED  AS  IDEAL  MODEL  SYSTEMS  IN 
AGING  STUDIES).  PALINCSAR,  E.  E.  and  M.  I.  BROKANS ,  Department  of 
Biological  Sciences,  Loyola  University,  Chicago,  Illinois. 

Different  stages  in  the  life  cycle  of  Panagrellus  silusiae  were 
collected  to  yield  a  200  ugm  protein  level  per  stage.  A  modified  Chow 
and  Pasternak  procedure  was  used  in  homogenization.  Disc  electropho¬ 
resis  in  ice  was  used  to  separate  the  isozymes.  Ten  pi  of  sample  were 
used  per  standard  gel  tube  and  3.0  mA  current  was  used  per.  tube.  The 
substrate  mixture  consisted  of  0.535M  sodium  lactate,  0.000376M  DPN, 

0 . 000163M  phenazine  methosulf ate ,  0.00031M  NB  tetra  zolium,  and  0.025M 
tris,  pH  7.4.  There  were  five  lactate  dehydrogenase  isozymes  in  aging 
worms.  Ef  values  were  0.555,  0.374,  0.326,  0.278,  0.200.  There  was  a 
loss  of  band  5  after  day  9  and  the  loss  of  band  1  by  day  23.  The  loss 
of  isozymes  was  clearly  coorelated  to  the  aging  process  of  these 
eutelic  worms.  Supported  by  Grant  GM-08577-03  from  N.I.H. 


STUDIES  OF  ACID  PHOSPHATASE  ISOZYME  PATTERNS  IN  CNI DARIA.  PALINCSAR, 
E .  E ♦  and  C.  J.  STANCHER,  Department  of  Biological  Sciences,  Loyola 
University,  Chicago,  Illinois. 

The  patterns  of  acid  phosphatase  isozymes  of  the  marine  colonial 
hydroid  Campanularia  flexuosa  were  compared  to  those  of  the  brakish 
water  colonial  hydroid  Cordylophora  lacus tris .  The  Canalco  QDD  and 
RDS  disc  electrophoresis  techniques  were  used.  The  Sigma  104  method 
was  used  as  a  substrate  to  visualize  the  acid  phosphatase  bands.  The 
isozyme  patterns  were  clear  and  reproducible.  Cordylophora  showed 
four  acid  phosphatase  isozyme  bands  with  Rf  values  analyzed  to  be 
0.158,  0.270,  0.396,  and  0.587.  The  Rf  reading  was  distally  from  the 
migration  starting  point  to  the  maximum  point  of  migration. 
Campanularia  showed  five  distinct  bands  with  Rf  values  of  0.166, 
0.277,  0.375,  0.527,  and  0.902.  Two  unique  molecular  species  were 
present  in  Campanularia  having  Rf  values  of  0.527  and  0.902. 

Supported  by  Grant  GM-08577-03  from  N.I.H. 
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BEHAVIORAL  GENETICS  OF  DROSOPHILA  HE  LANuG ASTER:  VIII.  EFFECT  OF 
NEARBY  29  GENOTYPE  ON  cf  MATING  BEHAVIOR.  Jack  Bennett,  Northern  Ill. 
Univ.,  DeKalb,  60115.  D.  m.,  co-isogenic  except  for  w  or  W"*",  were 
placed  in  mating  chambers  and  observed  with  a  stereoscope.  One  w+cf 
and  one  each  w  and  w+  99  were  in  each  mating  chamber.  In  a  " sub- 
chamber”  separated  by  2  nylon  screens  and  a  space  were  either  5  w29? 

5  w+99,  or  no  flies.  Over  500  such  chamber  sets  were  observed  for 
periods  of  2-3  hours  and  time  spent  by  the  in  orientation  (court¬ 
ship)  and  mating  (copulation)  with  each  genotype  of  9  was  recorded. 
Highly  significant  differences  were  found  between  times  for  each  9 
type  for  both  times.  In  one  series  there  appeared  to  be  a  significant 
effect  of  the  genotype  of  the  29  jji  the  sub-chamber  on  the  choice  of 
the  c f,  in  the  other  series  the  effect  was  less  pronounced.  The 
apparent  "effect  at  a  distance"  could  be  due  to  a  pheromone. 


THE  TOROMERE:  A  NEW  NUCLEAR  STRUCTURE  IN  DROSOPHILA  LUMMEI 
Ralph  M.  Sinibaldi  and  Mary  Ellen  Grilly ,  DeptP  of  Biol. 
Scio  Univ.  of  Illinois  at  Chicago  Circle. 

Staining  salivary  gland  squashes  of  Drosophila  lumme i  3rd 
instar  larvae  with  quinacrine  dihydrochloride  reveals  a 
circular  quinacrine -bright  structure.  This  structure,  the 
toromere,  is  associated  with  either  the  proximal  or  distal 
end  of  the  sixth  chromosome.  The  toromere  replicates  or 
subdivides  in  some  manner  as  double  and  triple  toromeric 
structures  are  observed.  Its  circular  conformation  can  be 
altered  by  culturing  the  larvae  at  temperatures  greater 
than  l8o  c.  Possible  functions  and  origin  of  the  toromere 
are  highly  speculative.  The  toromere  could  be  a  highly 
replicated  episome ,  some  unknown  infectious  agent  or  the 
reaction  of  the  chromosome  to  an  infectious  agent. 


KETOALDEHYDE  LEVELS  IN  THE  LIFE  CYCLE  OF  PANAGRELLUS  SILUSIAE 
Caroline  Gardiner  and  Edward  E.  Pallncsar.  Dept,  of  Biology,  Univer¬ 
sity  of  Illinois  Chicago,  Dept,  of  Biology,  Loyola  University  of 
Chicago. 

Ketoaldehydes  are  known  to  inhibit  cell  division  when  added  to 
cell  cultures.  We  hypothesized  that  endogenous  ketoaldehyde  levels 
would  change  in  the  eutelic  system  concurrent  with  the  loss  of  cellu¬ 
lar  proliferative  ability  associated  with  maturation.  Ketoaldehyde 
levels  in  the  free-living  nematode  Panagrellus  silusiae  were  measured 
colorimetrically  in  the  second  larval  and  adult  stages.  Levels  in 
the  second  larval  stage  averaged  9.66  mmoles  per  100  ugm  cellular 
protein,  adult  levels  averaged  0.56  mmoles  per  100  ugm  protein,  a 
twenty-fold  decrease.  It  was  concluded  that  ketoaldehyde  levels  in 
this  nematode  decrease  substantially  as  a  function  of  increasing 
age.  This  may  indicate  a  role  of  endogenous  ketoaldehydes  within 
the  process  of  normal  cell  division  in  the  eutelic  system. 
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AN  ANALYSIS  OF  X-RAY  INDUCED  SEMI-LETHALS  IN  DROSOPHILA 
MELANOGASTER,  Sidney  Mittler,  Dept,  of  Biological  Sciences, 
Northern  Illinois  University,  DeKalb,  IL  60115. 

Oregon  R  males  exposed  to  800,  1600,  or  3200  R  were  mated  to  M-5  and 
the  F2  cultures  that  had  ratios  of  1  wild  to  6-9  Bar  males  were  cul¬ 
tured  to  F3  and  F4.  Fourteen  out  of  1572  F2  cultures  were  selected. 
These  semi-lethals  were  all  mosaics  for  lethals.  There  was  no  pre¬ 
dominate  type  of  mosaic,  but  all  combinations  of  wild,  complete  le¬ 
thal,  lethal,  and  semi- lethal  were  observed.  Over  half  of  these  chro¬ 
mosomes  when  retested  in  F4  yield  a  different  viability  than  recorded 
^  F3.0f  the  ninety  apparent  lethals,  four  upon  retesting  were  viabi¬ 
lity  mutants.  By  conventional  methods  of  lethal  detection  about 
0.5%  lethals  would  be  overlooked. 


NAPHTHALENE- INDUCED  CATARACTS:  BIOLOGICAL  SYSTEM  FOR  DRUG  SCREENING. 
Guy  Cook  and  Harold  Kaplan,  Dept,  of  Physiology,  Southern  Illinois  U. 

Development  of  a  reproducible  method  to  produce  cataracts  in  rab¬ 
bits  was  undertaken.  Pilot  studies  were  done  with  1 ,2-diacetoxynaphth- 
alene(DAN)  topically.  Following  initial  success,  as  demonstrated  by 
ophthalmoscopic  and  slit  lamp  examinations,  cataracts  could  not  be 
produced  again  in  a  38  day  period  in  9  rabbits  with  DAN.  Other 
naphthalene  derivatives  proved  to  be  too  irritating.  ClU-l-naphthalene 
given  orally  was  found  to  deposit  a  very  low  level  of  radioactivity 
in  the  eye  lens  consistently.  This  suggests  a  logical  methodology  to 
screen  anti-cataractogenic  agents  in  terms  of  their  ability  to  reduce 
the  deposition  of  cataractogenic  compounds  in  the  lens. 


HEMOGRAM  IN  BOVINE  MASTITIS.  Ronald  Arkin,  Harold  Kaplan  and  Louis 
Strack,  Dept,  of  Physiology,  Southern  Illinois  Univ. ,  Carbondale. 

In  bovine  mastitis  it  is  of  interest  to  ascertain  whether  local 
inflammatory  changes  are  reflected  in  systemic  changes.  Selected 
hematologic  values  were  determined.  Systemic  effects  were  indicated 
by  a  definite  relationship  found  between  the  routine  California 
mastitis  test  and  a  nitroblue  tetrazolium  (NBT)  test,  the  latter  thus 
being  useful  adjunctively  in  diagnosis.  There  were  no  changes  in  red 
count,  packed  cell  volume,  or  total  white  count.  There  was 
significant  decrease  in  hemoglobin  percent  and  significant  increase 
in  maturing  neutrophils  (p  <.0l).  Neutrophilia  and  NBT  responses 
are  not  specific  for  mastitis  diagnosis. 


THE  OBSERVED  VIABILITY  DECREASE  OF  A  TRANSPLANTABLE  RAT  TUMOR  BY 
PREPARED  SIMULTANEOUS  TRANSPLANT  Sugarbaker,  David  J. Wheaton, IL. 

Dept,  of  Biology,  Wheaton  College 
It  has  been  observed  that  when  a  tumor  (Walker  256  carcino¬ 
sarcoma  rat  tumor)  which  has  been  left  to  reside  in  its  dead  host 
for  a  period  of  time  at  room  temperature  is  simultaneously 
transplanted,  by  the  trocar  method,  with  a  tumor  from  a  freshly 
killed  host  into  the  same  new  host,  a  decrease  in  viability  is 
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noted,  not  only  in  the  tumor  from  the  delayed  transplant  (as 
would  be  expected)  but  also  in  the  tumor  resulting  from  the 
fresh  transplant.  This  study  has  attempted  to  quantify  this 
observation  and  to  suggest  some  reasons  for  the  observed 
viability  decrease. 


FOOD  PREFERENCES  OF  CAPTIVE  FLYING  SQUIRRELS,  GLAUCQMYS 
VOLANS  Arthur  F.  Mar aid 1  2507  N0  Bernard  Chicago  6064? 

From  April,  1973  thrp  June,  197^  a  study  was  undertaken  to 
determine  food  preferences  of  wild  caged  flying  squirrels 
(G.  volans )  which  were  fed  live  birds,  insects  and  rodents 
as  well  as  nonliving  plant  and  animal  foods 0  The  bulk  of 
the  live  food  was  fed  so  as  to  coincide  with  bird  migra¬ 
tions  and  insect  emergings.  An  ample  variety  of  nonliving 
plant  and  animal  food  was  also  made  available  daily  to  the 
squirrels „  Their  feeding  activities  were  viewed  by  red 
lights  from  behind  a  blind  using  field  glasses,.  Over  90$ 
of  live  food  was  killed  and  eaten  in  preference  to  avail¬ 
able  nonliving  food  suggesting  that  G_0  volans  in  the  wild 
may  be  more  carnivorous  in  its  feeding  habits  than  pre¬ 
viously  thoughto 


REGIONAL  VARIATIONS  IN  FOODS  OF  THE  BOBWHITE  IN  SOUTHERN  ILLINOIS 

Charles  J.  Newling 

Southern  Illinois  University  at  Carbondale 

Results  were  reported  for  a  food  habits  study  based  on  crops  of 
6,478  bobwhites  (Colinus  virginianus)  collected  in  the  34  southern  coun¬ 
ties  of  Illinois  during  the  1950,  1951  and  1952  hunting  seasons.  In 
total,  237  food  items  were  found;  of  these  12  composed  1.0  percent  or 
more  of  the  entire  volume  for  the  3  years.  Variation  in  food  utiliza¬ 
tion  was  examined  for  seven  categories  of  regional  division:  physio¬ 
graphic  division,  glaciated  versus  non-glaciated  regions,  percent  level 
land,  percent  woodland,  farming  type  regions,  physical  soil  type  and 
soil  type  based  on  climax  community.  Regional  variations  in  foods  con¬ 
sumed  reflected  farming  patterns.  In  all  regions,  cultivated  foods 
were  the  most  important  items.  Consumption  of  the  greatest  diversity 
of  staple  food  items  occurred  in  areas  of  moderate  forest  cover. 


FALL  FOOD  HABITS  OF  THE  WOOD  DUCK  (Aix  s pons a) 

Michael  J.  Sweet 
Southern  Illinois  University 

The  fall  food  habits  of  wood  ducks  (Aix  sponsa)  from  a  greentree 
reservoir  in  southern  Illinois  was  studied  from  101  gullets  collected 
during  the  1972  and  1973  hunting  seasons.  Gullet  samples  were  analyzed 
using  displaced  water  volumetric  and  dry  weight  techniques.  Pin  oak 
(Quercus  palustris)  acorns  constituted  the  most  important  food  item. 
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A  total  of  22  plant  taxa  and  35  animal  taxa  were  identified  in  the 
samples.  All  foods  found  in  gullet  samples  were  represented  within  the 
greentree  reservoir.  Wood  ducks  consumed  a  variety  of  plant  and 
animal  foods. 


FOODS  OF  THE  KEY  DEER  (Odocoileus  virginianus  c lavium) 

Allan  L.  Dooley 
Southern  Illinois  University 

Foods  of  the  key  deer  (Odocoileus  virginianus  c lavium)  were 
studied  using  rumina  from  129  roadkilled  deer  collected  between 
January  1968  and  September  1973.  Rumen  samples  were  analyzed  using 
combined  point  and  volumetric  techniques.  Red  mangrove  (Rhizophora 
mangle)  leaves  and  fruits  and  black  mangrove  (Avicennia  germinans) 
fruits  comprised  more  food  volume  than  any  other  plants.  A  total  of 
165  plant  taxa  were  identified  in  the  samples  with  28  taxa 
contributing  approximately  757,  of  the  aggregate  volume.  Seasonal 
changes  in  key  deer  food  plant  utilization  occurred  with  woody  browse 
most  heavily  utilized  during  the  December -March  period.  Fruits  and 
flowers  of  woody  plants  and  palms  were  most  important  from  April- 
November.  A  variety  of  plants  are  available  and  eaten  by  key  deer. 


AGE  OF  BREEDING  IN  LAYSAN  ALBATROSSES  (DIOMEDE A  IMMUTABILIS) 

Peggy  T.  Dooley 
Southern  Illinois  University 

Age  of  breeding  initiation  of  Laysan  Albatrosses  (Diomede a 
immutabilis)  was  studied  using  847  known -age  Laysans  which  first  bred 
between  1962-1972  on  Midway  Atoll.  The  mean  age  of  first  breeding  for 
all  males  was  8.4  years,  for  all  females  8.9  years.  Sixty  percent  of 
the  males  but  only  447o  of  the  females  began  to  breed  by  their  eighth 
year.  Eighty-seven  percent  of  the  birds  initiated  between  ages  7  and 
10,  inclusive,  and  essentially  all  males  began  breeding  by  their  twelfth 
year  and  all  females  by  their  thirteenth  year.  The  effect  of  breeding 
experience  of  the  mate  was  studied.  If  both  birds  were  inexperienced 
breeders  the  mean  age  of  first  breeding  corresponded  with  that  of  the 
entire  847  birds.  If  the  mate  was  an  experienced  bird  the  first-time 
breeder  was  delayed  1  year  in  breeding  initiation.  This  delay  may  be 
related  to  behavioral  adjustments  in  forming  the  new  pair-bond. 


The  Ontogeny  of  Thermoregulation  In  The  Cottontail  Rabbit 
(SylvilagUs  f lor idanus)  Vernon  Pederson  and  David  Gates  Department 
of  Biological  Sciences,  Western  Illinois  University 

In  the  neonatal  rabbit  rectal  temperatures  showed  a  linear  de¬ 
pendency  on  ambient  temperature*  This  dependency  decreased  markedly 
with  age,  and  by  day  15  rectal  temperature  were  largely  independent 
of  ambient  temperature.  Upon  exposure  to  cold  the  neonatal  rabbits 
were  able  to  increase  heat  production.  This  response  also  improved 
with  age.  The  results  suggest  that  heat  conservation  abilities  lag 
behind  those  for  heat  production. 
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"SOCIAL  PLAY  IN  THE  RACCOON  (PROCYON  LOTOR)"  ;  Jill  Mellen  and 
Jack  Ward  Illinois  State  University 

A  qualitative  and  quantitative  study  of  the  behavior  of  two,  male 
juvenile  raccoons  was  made  with  an  emphasis  on  social  play.  Action 
patterns  of  the  raccoons  were  described  and  recorded.  Sequencing 
of  the  action  patterns  was  organized  into  a  kinematic  graph;  inter¬ 
correlations  between  those  action  patterns  suggested  social  facili¬ 
tation,  i.e.  playful  gestures  by  one  raccoon  was  reciprocated  by 
similar  behavior  from  the  other.  The  role  of  novel  stimuli  and 
its  relationship  to  play  was  discussed.  Results  seemed  to  support 
Bekoff’s  (1972)  concept  of  play,  i.e.  animals  have  in  their  genome, 
to  a  low  degree,  genetically  fixed  behavioral  sequences  which  re¬ 
quire  a  period  in  which  inborn  action  patterns  become  integrated 
and  directed  toward  specific  situations. 


A  BIOASSAY  FOR  MOLECULAR  CORRELATES  OF  THE  IMPRINTING  PROCESS :  PRELIM¬ 
INARY  RESULTS  IN  A  DESIGN  FOR  INTER-ANIMAL  TRANSFER  OF  FILIAL  BEHAVIOR 
IN  THE  DOMESTIC  CHICK.  Lanny  J.  Haverkamp.  Department  of  Biological 
Sciences,  Illinois  State  University,  Normal,  Illinois.  61761 

Injection  of  a  molecular  portion  of  the  brain  of  a  trained  animal  into 
a  naive  animal  has  been  widely  applied  as  a  bioassay  in  an  attempt  to 
elucidate  the  biochemical  basis  of  memory.  Commonly  referred  to  as 
inter-animal  transfer  of  acquired  information,  the  procedure  has  been 
extensively  applied  to  laboratory  imposed  learning  paradigms.  This 
report  concerns  the  effects  of  injection  into  naive  recipients,  of  an 
aqueous  extract  of  the  cerebral  hemispheres  of  imprinted  and  nonim- 
printed  domestic  chicks.  Preliminary  results  point  to  a  general 
increase  in  activity  with  extract  injection,  as  well  as  some  indica¬ 
tion  of  differential  effects  dependent  upon  the  early  experience  of 
the  donor  animal. 


BEHAVIOR  OF  THE  SHORE  CRAB,  Hemigrapsus  nudus  (Grapsidae, 
Brachyura).  Charles  A.  Ja coby ,  Department  of  Biological 
Sciences,  Illinois  State  University,  Normal,  Illinois  61761. 

Behaviors  performed  by  Hemi grapsus  nudus  were  qualitatively 
described,  the  effect  of  specimen  size  on  the  behaviors  per¬ 
formed  in  a  social  situation  was  determined,  and  sequential 
analysis  was  conducted.  Visual  and  videotape  analyses  were 
utilized  to  prepare  descriptions  of  twenty-six  behaviors. 
Behaviors  were  recorded  quantitatively  during  eighteen  observa¬ 
tion  periods  involving  pairs  of  crabs  varying  in  size.  No 
significant  treatment  effect  was  found.  A  kinematic  graph 
containing  eight  behaviors  and  twenty  transitions  was 
constructed. 
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QUALITATIVE  AND  QUANTITATIVE  SOCIAL  BEHAVIOR  FOR  THE  CRAB,  Ses- 
arma  cinereum  (Grapsidae,  Brachyura)o  Wm0  Jo  Lindberg 0  Depart¬ 
ment  of  Biological  Sciences,  Illinois  State  University,  Normal, 
Ill.  61761 

Sesarma  cinereum  inhabits  the  supra  tidal  zone  along  marshes  and 
pine  woods  of  the  southeastern  coast  of  the  United  States 0  Social 
encounters  are  brief,  and  the  Action  Patterns  (APs)  are  perfor¬ 
med  with  either  the  chelipeds  or  walking  legs<>  Relative  size  and 
sex  significantly  affect  the  frequency  of  certain  APs0  Sequence 
analysis  indicates  that  encounters  during  the  post-breeding  sea¬ 
son  usually  begin  with  APs  using  the  walking  legs  and  progress  to 
APs  performed  with  the  chelipeds o  Sex  recognition  and  re¬ 
establishment  of  a  personal  distance  are  suspected  to  be  the 
function  of  this  sequential  trendo 


A  NEW  METHOD  FOR  REPRESENTING  BEHAVIORAL  ORGANIZATION  OF  SOCIAL 
SITUATIONS.  Terry  A.  Larson.  Dept,  of  Biological  Sciences,  Ill.  State 
Univ. ,  Normal,  IL  61761, 

A  total  analysis  method  of  representing  behavioral  organization  of 
situations  involving  2  interacting  individuals  was  developed  because 
present  methods  of  within-  or  between — individual  transition  provide 
incomplete  and/or  misleading  representations.  Nine  behaviors  were  re¬ 
corded  for  interactions  between  male  Tilapia  mariae  (Pisces,  Cichlidae) 
and  cast  onto  a  total  analysis,  and  within-  and  between-individual 
transition  matrices.  Kinematic  graphs  produced  from  the  matrices 
showed  that  only  the  total  analysis  graph  indicated  the  relative 
importance  of  transitions  within  or  between  individuals.  Results  of 
previous  studies  using  old  methods  must  be  reconsidered  in  light  of 
this  result. 
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LIPID  COMPOSITION  OF  POLYMYXIN  B  SENSITIVE  AND  RESISTANT  STRAINS 
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ABSTRACT 


The  lipid  composition  of  polymyxin  B  sensitive  and 
resistant  strains  of  Serra tia  marcescens ,  grown  on 
either  an  enriched  or  an  inorganic  medium,  was 
analyzed.  No  differences  were  observed  for  the 
contents  of  total  extractable  lipid,  but  the  amount 
of  phospholipid  was  higher  when  the  cells  were  grown 
on  an  enriched  medium.  However,  there  were  signifi¬ 
cant  differences  in  the  fatty  acid  composition  of 
the  lipid  fractions  from  the  sensitive  and  resistant 
strains.  The  proportion  of  unsaturated  fatty  acids, 
particularly  in  the  phospholipid  fraction,  was  higher 
in  the  sensitive  strains  grown  on  both  enriched  and 
inorganic  media.  Overall  the  unsaturated  fatty  acid 
content  was  higher  on  the  strains  grown  on  the  en¬ 
riched  medium.  Our  results  suggest  that  the  correla¬ 
tion  observed  between  the  proportion  of  unsaturated 
fatty  acid  and  the  sensitivity  to  polymyxin  B  is 
independent  of  the  type  of  growth  medium  used.  The 
decrease  in  the  total  amounts  of  phospholipid  and 
unsaturated  fatty  acid  seen  in  the  cells  grown  on 
inorganic  medium  may  be  due  to  a  deficiency  of 
growth  factors  which  might  be  important  in  the 
synthesis  of  these  components. 

It  is  being  recognized  with  increasing  frequency  that  Serratia 
marcencens ,  once  considered  to  be  nonpa thogenic ,  can  cause  various 
nosocomial  diseases  (Clayton  and  von  Graevenitz,  1966;  Wilfert  et 
al.,  1968;  Wilfert  et  al.,  1970;  Davis  et  al.,  1970;  Maki  et  al., 
1973).  Most  of  the  clinical  isolates  of  S^.  marcencens  have  been 
found  to  be  resistant  to  multiple  drugs,  especially  the  poly¬ 
myxins  (Clayton  and  von  Graevenitz,  1966;  Thornton  and  Cramer, 

1970;  Wilfert  et  al.,  1970;  Maki  et  al. ,  1973).  It  has  been  sug¬ 
gested  that  differences  in  the  total  lipid  or  fatty  acid  composi¬ 
tion,  or  both,  are  associated  with  increased  antibiotic  resistance 
in  various  bacteria,  and  that  the  lipid  composition  may  be  of 
importance  in  preventing  the  entrance  or  binding  of  the  antibiotic 
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to  the  cell  (Hugo  and  Stretton,  1966;  Dunnick  and  O'Leary,  1970; 
Norrington  and  James,  1970;  Chang  et  al.,  1972;  Miller  et  al., 

1973;  Pechey  et  al.,  1974;  Button  et  al.,  1974;  Wade  and  Tsang, 
1975). 

In  an  earlier  study  it  was  shown  that,  in  Serra tia  marcescens , 
an  increase  in  the  proportion  of  unsaturated  fatty  acid  in  the 
extractable  phospholipid  may  be  associated  with  an  increase  in  the 
sensitivity  to  polymyxin  B  (Wade  and  Tsang,  1975).  It  was  ex¬ 
plained  that  the  possible  decrease  in  hydrophobic  interactions 
between  these  membrane  fatty  acids  and  the  6-methyloca tanoic  acid 
of  the  polymyxin  B  enables  the  antibiotic  to  penetrate  with 
greater  ease  to  the  site  of  lethal  action.  However,  it  has  been 
established  that  various  growth  factors  and  conditions  can  have 
an  effect  on  fatty  acid  composition  (Montgomerie  et  al.,  1973; 
Cronan,  1974;  Naik  and  Kaneda,  1974).  In  order  to  ascertain  that 
the  correlation  observed  between  the  degree  of  unsaturation  of  the 
fatty  acids  of  S_.  marcescens  and  the  sensitivity  to  polymyxin  B 
is  independent  of  the  types  of  media  used,  the  lipid  composition 
of  polymyxin  B  sensitive  and  resistant  strains  of  Serra tia 
marcescens  grown  on  two  types  of  media  was  analyzed 0 

METHODS  AND  MATERIALS 


The  strains  used  in  this  study  were  08  (resistant)  and  Bizio 
(sensitive).  Both  strains  are  nonclinical,  but  they  are  represen¬ 
tative  in  their  response  to  polymyxin  B.  The  minimal  inhibitory 
concentrations  of  polymyxin  B  for  these  strains  have  been  reported 
(Tsang  et  al. ,  1974).  The  cells  were  grown  on  both  an  enriched 
medium  (2.0%  Casamino  acids,  0.1%  glycerine,  0.5%  NaCl  and  0.3%  meat 
extract)  (Tsang  et  al.,  1974)  and  an  inorganic  salts  medium  (0.1% 
NH4C1,  0.02%  MgS04  .  7  H20,  0.5%  KH2P04  and  0.8%  glucose) 

(Gladstone,  1937)  with  aeration  (500  ml/min)  at  room  temperature 
(20-25  deg  C).  The  cells  were  harvested  during  the  late  log 
phase.  Lyophilized  whole  cells  were  extracted  with  chloroform: 
methanol  (2:1,  v/v)  (Huston  and  Albro,  1974),  washed  according  to 
Folch  (Folch  et  al.,  1957),  dried  and  then  weighed.  The  extracted 
lipids  were  separated  preparatively  into  neutral  lipid,  phospho¬ 
lipid  and  phospholipid  component  fractions  by  thin- layer  chromato¬ 
graph  (TLC)  on  Silica  Gel  G  as  previously  described  (Wade  and 
Tsang,  1975).  The  individual  phospholipids  were  identified  by 
comparison  of  the  Rf  values  with  those  of  chroma tographically  pure 
phospholipids.  The  phospholipid  content  of  the  extracted  lipids 
and  the  percent  phospholipid  component  distribution  were  determined 
by  the  method  of  microphosphorus  analysis  (Bartlett,  1958).  The 
methods  followed  for  preparation  and  analysis  of  the  fatty  acid 
methyl  esters  were  reported  previously  (Wade  and  Tsang,  1975). 

RESULTS  AND  DISCUSSION 


Differences  in  the  total  lipid  or  fatty  acid  composition,  or 
both,  have  been  associated  with  increased  antibiotic  resistance  in 
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various  bacteria  (Hugo  and  Stretton,  1966;  Dunnick  and  O'Leary, 
1970;  Norrington  and  James,  1970;  Chang  et  al.,  1972;  Miller  et 
al.,  1973).  In  Serratia  marcescens  an  increase  in  the  proportion 
of  unsaturated  fatty  acid  in  the  extractable  phospholipid  was 
suggested  to  correlate  with  an  increased  sensitivity  to  polymyxin 
B  (Wade  and  Tsang,  1975).  However,  the  fatty  acid  composition 
can  be  influenced  by  various  growth  factors  and  conditions, 
including  the  composition  of  the  growth  medium  (Montgomerie  et 
al.,  1973;  Cronan,  1974;  Naik  and  Kaneda,  1974).  To  determine 
if  the  correlation  observed  between  the  degree  of  unsaturation  in 
j3.  marcescens  and  sensitivity  to  polymyxin  B  is  due  to  the  type  of 
medium  used,  the  lipid  composition  of  sensitive  and  resistant 
strains  grown  on  two  types  of  media  was  analyzed. 

It  was  found  that  the  percentages  of  total  extractable  lipid 
were  similar  for  the  sensitive  (10-11%)  and  resistant  strains 
(9-10%)  on  the  two  media  used  (Table  1).  There  were  differences, 
however,  in  the  amounts  of  total  phospholipid  in  the  strains  grown 
on  different  media  (Table  1).  Although  the  phospholipid  percentage 
is  similar  for  the  sensitive  and  resistant  strains  grown  on  the 
same  medium,  it  is  higher  in  the  strains  grown  in  enriched  medium 
(80-827o)  than  in  inorganic  medium  (65-71%).  This  result  is  similar 
to  that  of  Ballesta  and  Schaechter  (1971)  who  observed  that  when 
cells  of  E.  coli  are  shifted  down  from  a  rich  to  a  limited  growth 
medium,  the  synthesis  of  the  major  phospholipid  component, 
phosphat.idylethanolamine ,  is  inhibited.  However,  since  there  was 
no  significant  difference  observed  in  the  phospholipid  distribu¬ 
tion  of  £.  marcescens  grown  on  rich  and  limited  media  (Table  1), 
it  may  be  that  in  this  organism  a  reduction  in  phospholipid 
synthesis  may  affect  all  components  to  a  similar  degree. 

The  analysis  of  the  fatty  acid  composition  of  the  total 
extractable  lipid  (TEL),  total  phospholipid  (TPL)  and  phospholipid 
components  showed  that,  regardless  of  the  type  of  growth  medium, 

S.  marcescens  sensitive  to  polymyxin  B  has  a  higher  proportion 
of  unsaturated  fatty  acid,  or  conversely,  a  lower  proportion  of 
saturated  fatty  acid,  than  the  resistant  strain  (Tables  2  and  3). 
This  difference  is  particularly  evident  in  the  total  phospholipid 
fraction  (Table  2)  where  the  ratio  of  saturated  to  unsaturated 
fatty  acid  is  higher  in  the  resistant  strain  08  (1.2  in  enriched, 
9.5  in  inorganic)  than  in  the  sensitive  strain  Bizio  (0.6  in  en¬ 
riched,  3.4  in  inorganic).  This  relationship  is  also  reflected 
in  the  fatty  acid  composition  of  the  phospha tidylethanolamine  in 
which  the  ratio  of  saturated  to  unsaturated  fatty  acid  in  the 
resistant  strain  is  higher  than  that  in  the  sensitive  strain 
(Table  3).  These  results  confirm  the  relationship  observed  pre¬ 
viously  between  the  degree  of  unsaturation  in  S_.  marcescens  and 
sensitivity  to  polymyxin  B  (Wade  and  Tsang,  1975).  It  is  also 
observed  that  the  total  amount  of  unsaturated  fatty  acid  was 
significantly  lower  in  the  strains  grown  in  inorganic  medium 
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(10-237,  in  TPL)  than  those  grotiji  in  enriched  medium  (45-61%  in  TPL) 
This  result  may  be  due  to  the  deficiency  of  certain  important 
growth  factors  in  the  inorganic  medium,  such  as  the  vitamins 
nicotinamide  in  NADP,  riboflavin  in  FAD  and  panthothenic  acid  in 
coenzyme  A  which  are  involved  in  the  desaturation  reactions,  and 
certain  amino  acids  which  can  serve  as  the  sources  of  acetyl  CoA 
and,  thus,  enhance  the  synthesis  of  fatty  acids  (Sakawa  et  al., 
1968;  White  et  al. ,  1968). 

In  conclusion,  the  correlation  observed  between  the  degree  of 
unsaturation  of  fatty  acids  in  Serratia  marcescens  and  the  sensitiv 
ity  to  polymyxin  B  is  independent  of  the  type  of  growth  medium  used 
The  increased  ratio  of  unsaturated  fatty  acid/saturated  fatty  acid 
observed  previously  in  sensitive  strains  grown  on  enriched  medium 
was  seen  also  in  the  strains  grown  on  inorganic  medium.  The 
decrease  in  the  total  amounts  of  phospholipid  and  unsaturated 
fatty  acid  seen  in  the  strains  grown  in  inorganic  medium  may  be 
the  result  of  a  deficiency  of  vital  growth  factors  which  may  be 

important  in  the  synthesis  of  these  components. 

\ 
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Table  1.  Lipid  contents  of  polymyxin  B  sensitive^  and  resistant  strains 
of  Serratia  marcescens  grown  on  two  types  of  media 
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Phosphatidylethanolamine ;  PG  =  Phosphatidylglycerol ;  CL  =  Cardiolipin  (Polyglycerol  phosphatide) 


Table  2.  Fatty  acid  composition  of  the  total  extractable  lipid  and 
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of  two  runs 


Table  3.  Fatty  acid  composition  of  the  phospholipid  components 
of  polymyxin  B  sensitive  and  resistant  strains  of 
Serratia  marcescens  grown  on  two  types  of  media 
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AS  ASSOCIATES  OF  THALASSIA  TESTUDINUM 

Suzanne  R.  Wicks,  Lecturer  in  Biology 
McKendree  College,  Lebanon,  Illinois 


ABSTRACT 


Free-living  nitrogen-fixing  bacteria, 
Azotobacter  agilis  and  Rhodo spirillum  rubrum 
were  isolated  from  rhizomes  and  leaves  of  the 
seagrass  Thalassia  testudinum  in  Tampa  Bay, 

Florida,  but  not  from  the  surrounding  sediments. 
Thiobacillus  trautweinii  and  the  anaerobes 
Thiobacillus  denitrif icans ,  Methanobacterium 
omelianskii ,  and  Desulfovibrio  desulfur icans 
were  isolated  from  rhizomes  and  also  from 
sediment  samples  taken  from  a  site  completely 
lacking  in  seagrass  growth. 

The  presence  of  Azotobacter  and  Rhodo spirillum 
on  the  seagrass  but  not  in  sediments  suggests  that 
they  may  contribute  to  the  fixed  nitrogen  budget  of 
the  habitat. 


INTRODUCTION 


Although  bacteria  capable  of  fixincr  nitrogen  have  been 
reported  in  marine  waters  (Naruyama,  et  al.,  1970),  the  species 
involved  and  quantitative  data  are  not  available. 

Patriauin  (1972)  and  Patriquin  and  Knowles  (1972)  have 
speculated  that  bacterial  nitrogen  fixation  is  a  major  source 
of  nitroaen  compounds  for  the  seaareass,  Thalassia  testudinum 
(Konig  and  Sims)  that  covers  several  thousand  square  miles  of 
shallow  bottom  along  the  entire  Florida  Gulf  coast.  This  sug¬ 
gested  to  the  writer  that  efforts  to  isolate  nitrogen-f ixing 
bacteria  from  seagrasses  and  bottom  sediments  of  these  communi¬ 
ties  might  provide  useful  information,  and  such  a  study  was 
carried  on  while  the  writer  was  in  residence  in  the  Department 
of  Marine  Science,  University  of  South  Florida,  St.  Petersburg 
Campus,  during  the  summer  of  1973. 
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MATERIALS  AND  METHODS 


Leaves,  rhizomes,  surface  sediments,  and  sediment  cores 
were  obtained  from  Tampa  Bay,  July  10,  1973.  Surface  core 
sediments  were  taken  at  the  same  time  from  a  site  which  was 
devoid  of  seagrasses.  The  material  was  handled  to  avoid  con¬ 
tamination  from  any  outside  source. 

To  determine  whether  or  not  Azotobacter  or  other  nitrogen- 
fixers  were  present  in  or  on  the  inoculum,  80  mm  segments  of 
both  young  leaves  and  rhizomes  and  one  gram  samples  of  surface 
and  core  sediments  (taken  at  3  and  6  inches)  were  placed  in 
screw-cap  prescription  bottles  containing  40  ml  of  a  modifi¬ 
cation  of  Burke's  N-free  salt  solution  (Wilson  and  Knight, 

1952) .  Aged  sea  water  was  used  and  CaCl2  was  substituted  for 
CaSC>4.  Initial  incubation  with  inoculum  present  was  of  24 
hours  duration  at  22-24°C.  in  the  dark.  At  the  end  of  this 
period,  leaf  and  rhizome  segments  were  removed.  Decantation 
was  used  to  separate  the  culture  from  the  sediment  samples 
with  transfer  into  clean,  sterile  containers  and  selective 
media . 

From  the  original  inocula,  1  ml  from  each  was  transferred 
by  sterile  pipette  into  the  following  selective  media:  N-free 
Burke's  medium  with  0.2%  ethanol  substituted  for  glucose  as 
carbon  source  (Breed,  et  al,  1957);  media  for  Thiobacillus 
(cultured  both  aerobically  and  anaerobically) ,  Desulf ovibrio , 
Methanobacterium  and  Clostridium  (anaerobically!  according  to 
Stanier  et  al,  1963.  Culture  tubes  with  screw  cap  filled  to 
the  top  were  used  for  anaerobes,  and  prescription  bottles 
with  40  ml  aliquots  of  the  medium  were  used  for  aerobes.  The 
original  inoculum  was  maintained  for  Azotobacter  culture.  All 
cultures  were  made  in  triplicate  and  all  were  incubated  in  the 
dark  at  22-24°C. 

At  the  same  time,  pour  plates  for  anaerobic  culture  were 
made  with  the  selective  media  by  asepticallv  introducing  1  ml 
aliquots  of  culture  in  the  sterile  plate  which  was  allowed  to 
dry  before  pouring  the  sterile  medium.  The  plates,  filled  to 
the  top,  so  that  the  cover  rested  on  the  agar  surface,  were 
wrapped  in  foil  and  placed  in  tightly  closed  jars  in  which 
grass  seed  was  sprouting. 

The  original  inocula  in  N-free  media  were  cultured  for 
eight  days  after  which  1  ml  was  transferred  by  pipette  into 
fresh  broth  medium  and  plates  of  N-free  agar  were  streaked. 

At  this  time  1  ml  of  inoculum  was  transferred  into  tubes  of 
sterile  nutrient  broth.  Washed  colonies  were  examined  under 
ultra  violet  light. 

The  Rhodospirillum  culture  and  that  of  the  aerobic 
Thiobacillus  were  transferred  by  sterile  pipette  after  eight 
days  of  incubation  into  fresh  selective  media.  Streak  plates 
were  made  by  introducing  0.1  ml  of  inoculum  on  top  of  the 
selective  media  and  spreading  with  a  sterile  glass  rod. 
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Gram  stainincr  and  microscopic  examination  for  morphology 
was  done  following  four  days  of  incubation  in  broth  and  from 
the  plate  colonies  after  seven  days  for  all  cultures. 

To  confirm  positive  nitrogen  fixation,  the  following 
procedure  was  followed:  Sterile  N-free  agar  medium  was 
asepticallv  dispensed  in  sterile  plastic  culture  tubes  with 
screw  cap  to  form  agar  slants  and  agar  deeps.  Following 
fourteen  days  of  incubation  in  selective  medium,  each 
culture  was  transferred  from  both  broth  and  plate  colonies 
by  sterile  needle.  The  cultures  were  examined  after  four¬ 
teen  days  of  incubation. 


RESULTS 

Typical  Azotobacter  colonies  were  obtained  from  leaves 
and  rhizomes  of  Thalassia .  There  was  no  evidence  of  Azotobacter 
in  surface  or  core  sediments  taken  at  either  site.  Positive 
identification  of  Azotobacter  agilis  Beirjink  was  made  using 
the  following  criteria  (Breed,  et  al ,  1957);  gram-negative 
rods,  4-5  microns  in  length,  often  almost  spherical;  the 
colonies  fluoresced  under  ultraviolet  light  in  the  range  of 
3600  A;  no  picrmentation  developed  after  four  weeks  of  incu¬ 
bation  on  N-free  acrar;  nutrient  broth  was  turbid  seventy-two 
hours  following  inoculation. 

From  the  N-free  medium  using  ethanol  as  carbon  source, 
Rhodospirillum  rub rum  (von  Esmarch)  Molisch  was  isolated  but 
only  from  leaf  and  rhizome.  There  was  no  evidence  of  growth 
in  any  culture  taken  from  surface  or  core  sediments  from 
either  site. 

On  surface  and  core  sediments  from  both  sites  and  on 
the  rhizomes  of  Thalassia  testudinum  (using  the  criteria  of 
Breed,  et  al ,  1957),  the  following  organisms  were  identified: 
Thiobacillus  trautweinni  Bergev,  Thiobacillus  denitrif icans , 
Beirjinck,  Methanobacterium  omelianskii  Barker;  Desulf ovibrio 
desulfuricans  Kluyver  and  van  Neil,  and  Clostridium  pasteurianuin 
Winogradsky . 

Following  transfer  into  N-free  media,  all  cultures  showed 
growth  after  two  weeks  of  incubation. 
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ABSTRACT  -  Three  known  methods  for  converting 
benzilide  into  benzilide  gave  identical  mater¬ 
ial.  A  new  reaction  of  benzilide  supporting 
inner  ester  structure  for  it  is  reduction  with 
LiAlH4  to  produce  1 , 1-diphenyl-l ,2-ethanediol 
in  essentially  quantitative  yield.  This  diol  was 
readily  cleaved  by  periodic  acid  into  benzophe- 
none  and  formaldehyde.  No  support  for  Stolle1 s 
acid  anhydride  structure  for  benzilide  was  found. 

Two  structures  (I,  II)  have  been  proposed  for  benzilide. 
Wasserman  (1950)  used  the  infrared  spectrum  to  prove  that 
their  sample  of  benzilide  was  of  structure  I,  not  II,  but 


I 


they  failed  to  mention  the  source  of  their  I.  Certainly,  how¬ 
ever,  (Wasserman,  I960)  it  was  not  via  diphenylchloroacetic 
anhydride,  (Ph2CClC0)20  (III),  which  was  the  intermediate 
that  was  claimed  by  Stolle  (1910)  for  his  synthesis  of  II. 

Stolle  made  his  III  from  benzilic  acid,  Ph2C(0H)C00H 
(IV),  and  thionyl  chloride  in  hot  carbon  tetrachloride,  then 
heated  the  product  in  benzene  with  yellow  mercuric  oxide.  In 
efforts  to  duplicate  this  work,  we  only  obtained  benzophe- 
none .  No  III  was  obtained.  Comparably,  Wasserman  (I960)  ob¬ 
tained  only  benzophenone .  It  is  known  (Meyer,  1901)  that 
thionyl  chloride  vigorously  converts  oenzilic  acid  into 
benzophenone . 

That  II  could  not  be  the  structure  of  benzilide  should 
have  been  evident  from  data  reported  in  Klinger  and  Standke's 
original  paper  (1889)  on  benzilide.  The  compound  was  crystal¬ 
lized  from  ethanol  for  purification.  An  acid  anhydride  of 
structure  II  would  instead  have  reacted  with  ethanol  to  form 
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an  acid  ester.  Neither  Stolle  nor  Staudinger  (1911),  who 
accepted  II,  called  attention  to  this  fact. 

SOURCES 

To  obtain  further  critical  evidence  regarding  the  struc¬ 
ture  we  reduced  benzilide  with  lithium  aluminum  hydride.  For 
this  purpose  we  prepared  benzilide  of  m.p.  193-196°  by  direc¬ 
tions  given  by  Einhorn  (1902),  Staudinger  (1911),  and  Arnold 
(1949).  These  methods  all  support  structure  I  by  following 
the  pattern  of  ”acid  plus  alcohol*1  since,  respectively,  these 
are  reactions  of  IV  with  phosgene  and  pyridine;  heating  IV 
at  1^5-165°  ( 15  mm)  for  12  hr;  refluxing  a  solution  of  IV  in 
xylene  in  the  presence  of  a  little  p-toluenesulf onic  acid. 
Yields  following  the  first  two  methods  were  only  9-13/6  but 
that  of  the  third  method  was  which  corresponded  to  the 

stated  yield.  Mixture  m.p.  determinations  of  the  several  sam¬ 
ples  showed  no  depression,  and  the  infrared  spectrum  of  each 
showed  a  single  strong  carbonyl  peak  at  1762-1759  cm"’*  con¬ 
firming  Wasserman  and  Zimmerman  (1950)* 

RESULTS 

Glycol  V  should  arise  by  reduction  of  inner  ester  I, 
whereas  a  quite  different  diol,  VI,  should  arise  from  II. 

(C6H5)eC-CHa0H  (C6Hb)2C-CH20H 

i  t 

0  0 

H  (CQE6)2C-CH20H 

V  VI 

Each  of  our  three  samples  of  benzilide  was  refluxed  in  a 
slurry  of  dry  ether  for  24  hr  with  LiAlH4,  followed  by  alk¬ 
aline  hydrolysis  (Amundsen,  1951).  Each  sample  gave  rise  to 
an  essentially  quantitative  yield  of  1 , 1-diphenyl-l , 2-eth- 
anediol  (V),  m.p.  119-120°.  No  VI  was  found.  An  authentic 
sample  of  the  glycol  was  prepared  by  reaction  of  phenylmag- 
nesium  bromide  and  ethyl  glycolate  (Paal,  1906).  Its  m.p. 
was  118-119°  and  its  mixed  m.p.  with  each  of  the  three  pro¬ 
ducts  of  m.p.  119-120°  was  118-119°. 

It  was  established  that  V  was  readily  cleaved  into  ben- 
zophenone  and  formaldehyde  by  use  of  periodic  acid  solution. 
Alcohol/water  (about  1:1)  was  used  as  solvent  for  V  since  it 
was  insoluble  in  water.  Just  enough  alcohol  was  used  to  main¬ 
tain  solubility.  Otherwise,  the  directions  of  Reeves  (1941) 
were  followed. 


LITERATURE  CITATIONS 

AMUNDSON,  L.  and  L.  Nelson,  1951.  J.  Amer .  Chem.  Soc.,  73: 

2l|2. 

ARNOLD,  R.,  W.  Parham,  and  R.  Dodson,  J.  Amer.  Chem.,  71 2 
2439  ( 1949 ) . 


228 


BROWN,  W.  G.  195l»  Organic  Reactions,  vol.  VI,  pp.  469-509. 

John  Wiley  and  Sons,  Inc.,  New  York. 

EINHORN,  A.  and  C.  Mettler,  1902.  Ber.,  35:  3639. 

KLINGER,  H.  and  0.  Standke ,  1889.  Ber.,  22:  1211. 

MEYER,  H.,  1901.  Monatsh.  Chem. ,  22:  793* 

PAAL,  C.  and  E.  Weidenhoff,  1906.  Ber.,  ^9j  2063. 

REEVES,  R.  E.,  19l|l.  J.  Amer.  Chem.  Soc.,  6^:  1476. 
STAUDINGER,  H.,  1911.  Ber.,  hk:  543- 
STOLLE,  R.,  1910.  Ber.,  l£:  2471. 

WASSERMAN,  H.  and  P.  Wharton,  I960.  J.  Am.  Chem.  Soc.,  82: 

3457. 

WASSERMAN.  H.  and  H.  Zimmerman,  1950.  J.  Am.  Chem.  Soc., 

72:  5787. 


229 


TRANSACTIONS,  ILL.  STATE  ACAD.  SCI. 

Vol .  68,  No.  3  (1975) 


WATER  QUALITY  CHARACTERISTICS  OF  THE  ILLINOIS  RIVER  AT  PEORIA 


V.  Kothandaraman  and  Robert  A.  Sinclair 
Illinois  State  Water  Survey 
Water  Quality  Section,  Box  717,  Peoria  61601 
Research  Support  Group,  Box  232,  Urbana  61801 


ABSTRACT 


Weekly  data  on  chemical  quality  characteristics 
of  the  Illinois  River  at  Peoria  are  summarized.  Apart 
from  the  seasonality  in  temperature  and  river  flows, 
distinctive  seasonal  changes  were  observed  in  dissolved 
oxygen,  ammonia,  and  silica.  A  comparison  of  the  river 
water  quality  with  the  stream  standards  adopted  by  the 
Illinois  Pollution  Control  Board  is  presented.  The 
interrelationships  among  the  observed  water  quality 
characteristics  were  evaluated  by  the  stepwise  linear 
regression  method. 


INTRODUCTION 


Information  concerning  the  quality  of  water  that  will  be  available 
is  essential  in  planning  for  any  water-use  project.  The  suitability  of 
a  water  source  for  domestic,  industrial,  or  agricultural  purposes  fre¬ 
quently  depends  upon  its  chemical  quality.  If  a  water  is  not  chemical¬ 
ly  satisfactory  for  a  specific  use,  an  analysis  is  necessary  to  deter¬ 
mine  the  type  and  cost  of  treatment  needed  to  make  it  satisfactory. 

Chemical  quality  data  are  also  useful  for  such  purposes  as  sur¬ 
veillance  of  pollution,  maintaining  stream  quality  standards,  observ¬ 
ing  long-term  influence  of  land  use,  water-use  patterns,  etc.  Within 
the  past  two  decades,  water  quality  considerations  have  become  an  in¬ 
tegral  part  of  multi-purpose  water  resources  planning  and  management 
activities . 

The  Illinois  State  Water  Survey,  in  cooperation  with  the  Champaign 
District  Office  of  the  U.  S.  Geological  Survey,  has  maintained  a  con¬ 
tinuous  program  of  sampling  and  analyses  of  surface  water  sources  since 
1945.  Water  quality  characteristics  of  surface  waters  from  selected 
sampling  locations  covering  the  entire  state  have  been  reported  for  the 
periods  1945  to  1956,  1956  to  1966,  and  1966  to  1971  (Larson,  1957; 
Harmeson,  1969,  1973).  These  water  quality  data  are  based  on  monthly 
sampling  programs. 

Commencing  on  October  31,  1966,  weekly  samples  of  Illinois  River 
water  at  Peoria  were  collected,  and  the  following  17  determinations 
were  made:  temperature,  turbidity,  iron,  fluoride,  silica,  chloride, 
sulfate,  nitrate,  ammonia,  calcium,  magnesium,  sodium,  alkalinity, 
hardness,  total  dissolved  minerals,  pH,  and  dissolved  oxygen. 
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This  report  presents  the  weekly  data  in  a  concise  form,  examines 
the  seasonal  variations  in  the  water  quality  characteristics,  and  in¬ 
vestigates  by  statistical  methods  the  interrelationships  among  the 
water  quality  parameters.  A  comparison  of  the  river  water  quality 
with  the  stream  standards  adopted  by  the  Illinois  Pollution  Control 
Board  is  also  presented. 

THE  ILLINOIS  RIVER 

The  Illinois  River  is  formed  by  the  confluence  of  the  Kankakee 
and  Des  Plaines  Rivers  southwest  of  the  city  of  Chicago.  The  river 
flows  nearly  westward  to  Hennepin  where  it  turns  abruptly  southwest 
and  finally  empties  into  the  Mississippi  at  Grafton,  above  St.  Louis 
(figure  1).  The  Illinois  River  proper  is  273  miles  long  and  the  en¬ 
tire  waterway  from  Lake  Michigan  to  Grafton  is  about  326  miles  long. 

The  total  watershed  area  is  approximately  29,010  square  miles.  The 
watershed  area  for  the  Illinois  River  at  Peoria,  where  the  weekly 
samples  are  being  collected,  is  12,680  square  miles.  The  average 
streamflow  as  measured  at  Kingston  Mines,  16  miles  downstream  from 
Peoria,  is  14,150  cfs .  The  recorded  maximum  and  minimum  flows  are 
83,100  cfs  and  1,810  cfs  respectively. 

The  Illinois  waterway  consists  of  a  series  of  eight  navigational 
pools  created  by  locks  and  dams  to  maintain  water  depths  needed  for 
commercial  barge  movement.  At  normal  river  stages,  the  velocity  of 
flow  is  less  than  1  mile  per  hour.  The  very  low  hydraulic  gradient, 
an  average  of  0.267  feet  per  mile,  partially  accounts  for  the  low 
velocity  of  flow  in  the  river. 

The  river  receives  discharges  from  such  industries  as  petroleum 
refinery,  pulp  and  paper,  fermentation  and  distillation,  meat  packing, 
metal  finishing  and  plating,  etc.  There  are  27  municipal  sewage  treat¬ 
ment  plants  discharging  directly  into  the  Illinois  waterway.  Among 
these,  the  Metropolitan  Sanitary  District  of  Greater  Chicago  (MSDGC) 
and  the  Greater  Peoria  Sanitary  District  (GPSD)  are  the  significant 
ones.  They  discharge  an  average  of  107,150  lbs/day  and  40,000  lbs/day 
of  BOD5  respectively.  Except  for  the  treatment  plants  serving  the 
cities  of  Ottawa  and  Pekin,  all  the  other  municipal  plants  discharge 
less  than  10,000  lbs  of  BOD5  per  day.  The  water  quality  sampling  point 
in  Peoria  is  located  upstream  of  the  GPSD  waste  outfall  and  only  16 
municipalities  including  Chicago  are  located  upstream  of  this  sampling 
location . 


WATER  QUALITY 

Individual  chemical  determinations  for  the  samples  were  analyzed 
by  procedures  outlined  in  table  1.  Results  of  determinations  are  ex¬ 
pressed  as  milligrams  per  liter  (mg/1)  except  for  temperature,  turbid¬ 
ity,  pH,  and  flow.  Temperature  is  in  Celsius  units,  turbidity  in  Jack- 
son  turbidity  units  (Jtu) ,  and  flow  in  cubic  feet  per  second  (cfs). 


231 


Figure  1.  Illinois  River  Basin 
showing  the  Illinois  River 
and  its  tributaries. 


Figure  2.  Cumulative  proba¬ 
bility  distribution  of  total 
iron  in  the  Illinois  River 
at  Reoria. 
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TABLE  1.  Analytical  Procedures 


Determination 

Iron  (total  on  unfiltered  sample) 

Fluoride 

Silica 

Chloride 

Sul  fate 

Nitrate 

Ammonium 

Calcium 

Magnesium 

Sodium 

Alkalinity  (as  CaCO^) 

Hardness  (as  CaCOj) 

Total  dissolved  minerals 


Analytical  procedure 

Ortho -phenanthroline  (colorimetric) 
Scott-Sanchis  (colorimetric) 

Molybdate  (colorimetric) 

Mohr  (volumetric) 

Barium  sulfate  (gravimetric) 
Reduction,  distillation  and 
nesslerization  (colorimetric) 
Distillation  and  nesslerization 
(colorimetric) 

EDTA  titration  (volumetric) 

Calculated 

Calculated 

Methyl  orange  titration  (volumetric) 
EDTA  titration  (volumetric) 

Residue  on  filtration  and  evaporation 


Means  and  ranges  for  the  water  quality  parameters  are  shown  in 
table  2  for  the  calendar  years  1967-1972  and  for  the  total  6-year 
period.  This  permits  a  comparison  of  the  changes  in  values  for  in¬ 
dividual  years  with  those  for  the  entire  period,  in  an  attempt  to  de¬ 
lineate  the  seasonal  changes,  the  data  were  classified  into  bi-annual, 
tri-annual,  and  quadri-annual  groupings,  and  the  central  tendency  of 
the  parameters  was  evaluated.  Apart  from  the  seasonality  in  tempera¬ 
ture  and  flow,  no  changes  were  discerned  in  any  of  the  parameters  in 
the  bi-annual  groupings.  Distinctive  seasonal  changes  occurred  in 
silica,  ammonia,  and  dissolved  oxygen  for  the  quadri-annual  groupings 
(table  3) .  The  mean  values  for  these  parameters  reach  minimum  during 
the  warmer  months,  July-September .  These  three  parameters  are  involved 
in  biologically  mediated  changes.  Silica  is  an  important  nutrient  for 
diatoms  which  constitute  about  80  percent  of  the  algal  population  in 
the  river.  Nitrification  in  the  stream  would  account  for  the  reduction 
in  ammonia  as  reported  by  Butts  (1970) .  Increased  biological  activity 
in  the  river  during  summer  causes  the  use  of  these  constituents  to  in¬ 
crease,  resulting  in  decreased  river  concentrations.  There  were  no 
perceptible  seasonal  variations  in  any  of  the  parameters  other  than 
the  five  mentioned. 

The  Illinois  Pollution  Control  Board  (1972)  has  stream  quality 
stipulations  for  10  of  the  17  water  quality  parameters  observed. 

These  are  temperature,  iron,  fluoride,  chloride,  sulfate,  ammonia, 
nitrate,  total  dissolved  minerals,  pH,  and  dissolved  oxygen.  The 
standards  for  temperature,  chloride,  sulfate,  nitrate,  pH,  and  total 
dissolved  minerals  were  met  at  all  times.  Numbers  of  observations 
and  stream  quality  violations  for  ammonia,  total  iron,  dissolved 
oxygen,  and  fluoride  are  given  in  table  4.  Total  iron  was  at  var¬ 
iance  with  the  stream  standard  most  of  the  time  and  ammonia  about  a 
third  of  the  time.  The  maximum  observed  values  for  iron  are  several 
orders  of  magnitude  greater  than  the  general  stream  standard  of  1.0 
mg/1.  Figure  2  shows  the  cumulative  probability  distribution  of  total 
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TABLE  2.  Water  Quality  Characteristics  of  Illinois  River  at 


TABLE  2.  Concluded 
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TABLE  3.  Statistical  Evaluation  by  Quadri -Annual  Groupings 


January-March  April -June  July-September  October-December 


Mean 

Mean 

Mean 

Mean 

Temperature 

1.6 

17.4 

24.3 

8.1 

Turbidity 

63.8 

58.9 

64.8 

62.2 

Iron 

2.4 

2.3 

2.4 

2.3 

Fluoride 

0.8 

0.5 

0.7 

0.7 

Silica 

7.8 

5.3 

4.9 

6.5 

Chloride 

62.7 

41.7 

41.7 

45.4 

Sulfate 

120.7 

109.6 

91.7 

108.0 

Nitrate 

15.8 

20.5 

14.3 

16.3 

Ammonia 

3.2 

1.1 

0.4 

1.7 

Calcium 

77.6 

73.9 

63.9 

71.8 

Magnesium 

28.4 

28.8 

23.4 

27.0 

Alkalinity 

191.0 

180.7 

164.0 

185.8 

Hardness 

310.2 

302.9 

255.6 

289.2 

Dis .  minerals 

483.6 

433.8. 

390.3 

438.4 

PH 

7.95 

8.10 

8.01 

8.07 

DO 

12.05 

7.94 

5.37 

10.12 

Sodium 

45.5 

29.2 

33.5 

37.3 

Flow 

14657 

22222 

12629 

12032 

TABLE  4.  Details  of 

Violations  < 

Df  Stream 

Quality  Standards 

Number  of 

Ammonium 

Total  iron 

Dis . 

oxygen 

Fluoride 

Years 

observations 

No . 

Percent 

No. 

Percent 

No. 

Percent 

No. 

Percent 

1967 

52 

20 

38.5 

52 

100.0 

10 

19.2 

3 

5.8 

1968 

53 

22 

41.5 

53 

100.0 

4 

7.5 

0 

0 

1969 

52 

16 

30.8 

51 

98.1 

7 

13.5 

0 

0 

1970 

53 

13 

24.5 

52 

98.1 

5 

9.4 

0 

0 

1971 

52 

19 

36.5 

52 

100.0 

8 

15.4 

0 

0 

1972 

52 

9 

17.3 

49 

94.2 

6 

11.5 

0 

0 

Total 

314 

99 

31.5 

309 

98.4 

40 

12.7 

3 

0.01 

TABLE  5.  Average  Daily  Loads  of  Nutrients 
and  Dissolved  Minerals,  tons/day 


Dissolved 


Year 

Ammonia 

Total  Iron 

Silica 

Minerals 

1967 

53.56 

87.49 

233.90 

15037 

1968 

58.59 

90.05 

184.82 

12969 

1969 

42.57 

80.06 

207.14 

13297 

1970 

46.95 

98.76 

305.36 

19007 

1971 

47.40 

67.83 

120.56 

10612 

1972 

40.45 

64.05 

341.72 

18584 
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iron  for  1968  and  for  the  6-year  period.  The  plots  indicate  that  the 
distribution  in  iron  concentrations  is  reasonably  consistent  from  year 
to  year  and  that  the  raw  data  for  iron  are  lognormal ly  distributed. 

Ammonium  concentrations  in  the  river  exceeded  the  stipulated 
standard  an  average  of  about  31.5  percent  of  the  time.  Figure  3  shows 
the  cumulative  probability  distribution  for  ammonium  concentrations, 
expressed  as  NH+  .  With  the  contemplated  reduction  of  ammonia  from 
the  waste  discharges  of  the  MSDGC,  a  significant  decrease  in  ammonium 
concentrations  in  the  river  and  possible  reduction  in  the  violations 
are  expected. 

The  Illinois  Pollution  Control  Board  (1972)  stipulates  that 
"dissolved  oxygen  (Storet  number-00300)  shall  not  be  less  than 
6.0  mg/1  during  16  hours  of  any  24-hour  period,  nor  less  than 
5.0  mg/1  at  any  time."  Though  a  definitive  statement  on  the  DO 
violations  cannot  be  made  because  the  record  for  DO  was  not  continuous, 
an  insight  into  the  extent  of  possible  infractions  on  the  stream  stan¬ 
dards  is  presented  in  both  table  4  and  figure  4.  Butts  (1974)  docu¬ 
mented  that  the  nitrogenous  oxygen  demand  potential  from  the  Chicago 
area  is  approximately  three  times  greater  than  the  carbonaceous  bio¬ 
logical  oxygen  demand  of  waste  discharges  along  the  entire  length  of 
the  waterway.  Consequently,  the  contemplated  ammonia  removal  step  by 
the  MSDGC  should  result  in  higher  dissolved  oxygen  levels  in  the  river. 
Average  daily  loads  of  ammonia,  total  iron,  silica,  and  dissolved  min¬ 
erals  transported  past  the  sampling  point  for  1967-1972  are  shown  in 
table  5. 

Only  one  year,  1967,  out  of  the  six  showed  violations  for  fluoride 
(table  4) .  The  fluoride  concentrations  observed  on  3  occasions  out  of 
a  total  of  52  exceeded  the  standard  for  fluoride;  the  excesses  were 
insignificant . 


WATER  QUALITY  PREDICTION  EQUATIONS 


There  are  basically  two  methods  for  developing  equations  for  fore¬ 
casting  river  water  quality.  One  is  the  construction  of  a  theoretical 
model  based  on  the  structure  of  the  causal  chemical,  biological,  and 
physical  relationships  of  water  quality  parameters.  Mathematical 
models  of  this  category  have  been  developed  for  the  interrelationship 
of  dissolved  oxygen  and  biochemical  oxygen  demand  in  surface  waters. 

The  second  method  develops  the  mathematical  dependence  among  the  water 
quality  parameters  on  a  purely  statistical  basis.  Statistical  depen¬ 
dence  among  water  quality  parameters  does  not  necessarily  imply  causal 
dependence . 

Several  factors  affect  the  concentrations  of  chemical  constituents 
in  a  river  system.  Important  factors  are  geology  of  the  watershed, 
land-use  patterns,  extent  and  nature  of  fertilizer  applications  in  ag¬ 
ricultural  practices,  rainfall,  and  rate  of  runoff.  Because  the  Illi¬ 
nois  waterway  consists  of  a  series  of  eight  dams  and  pools,  with  exten¬ 
sive  flow  regulation,  mathematical  formulation  based  on  a  cause  and 
effect  concept  is  extremely  difficult  if  not  impossible.  Mathematical 
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Figure  3.  Cumulative  probability  distribution 
of  ammonium  in  the  Illinois  River  at  Peoria. 


Figure  4.  Cumulative  probability  distribution 
of  dissolved  oxygen  in  the  Illinois  River  at  Peoria. 
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Sodium  0.683  x,  -  0.986  x, ,  +  0.125  x,  ,  -  0.0002  x,,  +  10.72 


equations  for  forecasting  water  quality  parameters  in  the  river  were 
developed  on  a  purely  statistical  basis  with  stepwise  regression 
analysis  techniques.  Details  of  the  stepwise  regression  procedure 
are  given  by  Ralston  (1960) . 

Results  of  the  regression  analysis  are  shown  in  table  6.  Column 
2  of  the  table  lists  the  dependent  variables  and  column  1  shows  their 
identifying  numbers.  Equations  for  temperature  and  flow  are  not  in¬ 
cluded  because  temperature  and  flow  variations  are  caused  by  factors 
entirely  different  from  the  water  quality  characteristics.  The  third 
column  shows  the  selected  regression  equations  for  each  dependent 
variable,  in  which  x^,  1  <  i  <  18,  is  the  value  of  the  variable  iden¬ 
tified  by  columns  1  and  2  when  it  appears  as  an  independent  variable 
on  the  right  half  of  the  regression  equation. 

Except  for  the  regression  equation  for  fluoride,  all  the  equa¬ 
tions  show  a  high  degree  of  multiple  correlation.  As  indicated 
earlier,  these  equations  were  developed  without  reference  to  the 
causal,  biological,  and  physical  relationships,  and  it  is  entirely 
possible  for  statistical  dependence  to  exist  without  causal  depen¬ 
dence.  In  a  sense,  this  is  a  'black  box’  approach  wherein,  with 
known  inputs,  one  may  reliably  predict  the  output.  In  water  quality 
systems  and  analysis,  it  is  important  to  develop  relationships  capa¬ 
ble  of  predicting  system  performance  under  varying  environmental  con¬ 
ditions.  Mathematical  statistics  can  provide  a  sound  basis  for  re¬ 
liable  water  quality  modeling  at  a  significant  saving  in  time,  effort, 
and  expense. 
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ABSTRACT  The  complexes  of  various  alkylaminopyridine 
N-oxides  with  ferric  ion  have  been  studied.  In  alco¬ 
holic  solution,  1:1  and  3?1  (ligand: metal)  species 
are  found  as  determined  by  calculated  formation  con¬ 
stants,  The  steric  bulk  of  the  alkyl  groups  appears 
to  influence  the  formation  of  the  1:1  species,  but 
is  of  less  importance  for  the  3:1  species. 

There  have  been  numerous  reports  including  the  review  articles 
of  Garvey  (1968)  and  Karayannis  (1973)  concerning  the  preparation 
and  characterization  of  metal  ion  complexes  of  pyridine  N-oxides. 
However,  there  have  been  few  reports  on  the  formation  constants  of 
these  metal  ion  complexes  in  solution.  Formation  constants  of 
2 -aminopyridine  N- oxide  with  a  number  of  dipositive  metal  ions  in 
dioxane -water  mixtures  have  been  reported  by  Sigel  (1963). 

The  ferric  ion,  often  used  as  a  qualitative  color  test  reagent 
for  the  N-oxide  function,  yields  blue  solutions  with  many  of  the 
2 -alkylaminopyridine  N-oxides  and  lends  itself  to  a  spectrophoto- 
metric  determination  of  formation  constants.  Because  color  tests 
are  most  often  carried  out  in  alcoholic  solution,  we  selected 
methanol  as  the  solvent  for  our  initial  studies. 
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EXPERIMENTAL 


Weighed  amounts  of  vacuum  dried  Fe(C10^)3*6H20  were  dissolved  in 
9:1  (by  volume)  methanol : dimethoxypropane  to  give  a  stock  solution  of 
1  x  10“2  M.  The  stock  solution  was  placed  in  a  refrigerator  in  a  foil- 
wrapped  container  and  all  ferric  ion  solutions  were  prepared  from  this 
solution  by  dilution  with  methanol.  The  2-alkylaminopyridine  N-oxides 
were  prepared  by  the  method  described  by  Katritzky  (1957)  and  dissolved 
in  methanol  to  the  desired  concentration.  A  series  of  solutions  with 
constant  ferric  ion  concentration  and  varying  N-oxide  ligand  concentra¬ 
tions  were  prepared  and  allowed  to  come  to  thermal  equilibrium  in  a 
constant  temperature  bath.  The  concentration  ratio  of  ligand :metal  ion 
was  varied  from  0.1:1  to  20:1.  The  absorption  spectra  were  measured  in 
one  cm  silica  cells  from  700  nm  to  4 00  nm  on  a  Cary  14  Recording  Spec¬ 
trophotometer  equipped  with  a  constant  temperature  cell  compartment  and 
cell  holder  (t0.2  deg).  Absorbances  at  650,  6l0,  590  >  570,  and  540  nm 
for  each  sample  (a  typical  experiment  involved  more  than  twenty  samples) 
were  analyzed  by  means  of  the  computer  program  Spectro  -  1130  of  Magnell 
(1973)*  The  values  of  the  formation  constants  and  extinction  coeffi¬ 
cients  shown  in  Table  1  are  the  average  of  at  least  three  different  ex¬ 
periments  having  different  ferric  ion  concentrations.  A  ferric  ion 
concentration  of  2  x  10"^  M  and  variation  of  the  ligand  concentration 
from  2  x  10”5  m  to  1  x  10"3  M  illustrates  the  nature  of  solutions  used 
in  this  work. 


RESULTS  AND  DISCUSSION 


In  Table  1  values  for  and ^5  are  reported  where 


A  = 


jjeL3+] 


and 


[Fe3+]  [l] 


[FeL33+] 


[Fe3+]  [l]: 


and  £lJ  represents  the  concentration  of  a  2-alkylaminopyridine  N-oxide. 
Values  for  the  intermediate  jB 2  are  not  reported  because  we  were 
unable  to  establish  the  existence  of  FeL23+  by  plotting  the  absorbance 
vs.  _LJ  (at  constant  [m]  )  for  the  different  wavelengths.  In  addition, 
its  inclusion  in  the  data  input  at  the  expected  values  (e.g.lOlO)  did 
not  allow  the  program  to  converge.  The  reasons  for  this  may  simply  be 
a  low  molar  absorptivity  *for  FeLg^*  such  that  its  presence  is  masked 
by  the  two  more  strongly  absorbing  species,  FeL3+  and  FeL^*.  The 
existence  of  a  1:1  species  is  analogous  to  our  observations  of  the 
2-mercaptopyridine  N-oxide  Fe+3  system  which  forms  a  blue  1:1  and  a 
violet  3:1  species.  In  both  cases  a  1:1  species  is  formed  which  has 
an  absorption  maximum  at  longer  wavelength  than  the  3:1» 

The  nature  of  the  ligand  (the  alkyl  substituent)  plays  a  signi¬ 
ficant  role  in  the  magnitude  of  formation  constant  values.  With 
increasing  size  of  the  alkyl  moiety  there  is  a  decrease  in  the 
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magnitude  of  sP which  must  be  due  to  steric  hindrance.  The  values 
for  *5^,  however,  do  not  show  the  same  trend,  the  2-benzylaminopyri- 
dine  N-oxide  value  for  being  higher  than  the  corresponding  value 
for  the  ligand  substituted  with  one  ethyl  group.  Apparently,  the 
ability  of  the  substituents  to  provide  an  inductive  electron  donating 
effect  is  more  important  than  a  steric  effect.  We  assume  that  the 
ligands  retain  the  amino  proton  in  each  example  upon  complexation  as 
was  observed  by  Kohrman  (1975)  in  the  isolation  of  complexes  of  2- 
methylaminopyridine  N-oxide. 

Attempts  to  determine  thermodynamic  parameters  by  variation  of 
temperatures  from  5°C  to  4o°C  proved  ineffective.  Variations  in^'s 
were  irregular  and  within  experimental  error  as  reported  in  Table  1. 

TABLE  1 

Formation  Constants  of  Fe^+  Complexes  with  2 -Alkylaminopyridine 

N -Oxides  at  25°C. 


N-oxide s 

(D 

Formation  Constants 

Molar 

Absorptivity* 

540nm 

570nm 

590nm 

6l0nm 

650nm 

2 -methyl 

>£•,=2.32x105  +  .86x105 

657 

811 

962 

1082 

1191 

>#3=3.54x10i1)-  +  1.9xl014 

2742 

3248 

3329 

3163 

2321 

2 -ethyl 

^=1.64x1 0^  +  „64xlo5 

372 

503 

607 

707 

757 

>#3=1. 24x10^  +  .7x10-^ 

2398 

2818 

2948 

2958 

2176 

2 -octyl 

v5'1=8.70xl0lt  +  1.31X101* 

158 

232 

291 

328 

367 

3=1. 07x1  c4  3  +  #32xl013 

2156 

2544 

2642 

2538 

2056 

2 -benzyl 

yB  ^8.79x10^  +  4.4x10** 

545 

682 

746 

771 

642 

>^>3=2.30xl011+  +  l.^xlO1^ 

2583 

2939 

2995 

2815 

1988 

*The  calculated  error  in  the  molar  absorptivities  is  less  than  Of,  for 
the  1:1  complexes  and  less  than  2%  for  the  3:1  complexes. 
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Abstract :  A  survey  of  the  occurrence  of  Illi¬ 

nois  gas teromycetes  was  made,  using  both  pre¬ 
vious  literature  and  recent  collections.  A 
total  of  59  species  occur  in  the  state,  54  of 
which  are  recorded  in  the  literature.  Recent 
collections  of  25  species  are  included,  5  of 
which  are  new  records  for  Illinois. 


INTRODUCTION 


From  a  survey  of  the  available  literature,  knowledge  of 
the  occurrence  of  gasteromycete  fungi  in  Illinois  appears  to 
be  limited  and  incomplete.  This  study  was  undertaken  to 
bring  together  previously  published  records  of  Illinois  g  a  s  - 
teromycetes,  and  to  report  recent  collections  of  several 
species  which  appear  to  be  rarely  recorded  in  Illinois  or  in 
the  northeastern  United  States.  Recent  collections  of  sev¬ 
eral  common  species  have  also  been  included.  The  following 
list  should  provide  some  indication  of  the  diversity  in  the 
gasteromycete  flora  of  Illinois. 


LITERATURE  ON  ILLINOIS  GASTEROMYCETES 


The  only  work  dealing  specifically  with  Illinois  gaster- 
omycetes  is  Moffatt's  (1923)  paper  on  the  gasteromycetes  of 
the  Chicago  region,  in  which  39  species  are  given.  Moffatt 
followed  the  classification  of  Lloyd.  He  did  not  restrict 
his  collecting  to  Illinois,  and  in  a  few  instances  it  is 
impossible  to  determine  the  geographic  locations  of  collec¬ 
tions  because  no  specific  areas  were  cited.  Four  other 
treatments  of  Illinois  fungi  contain  records  of  gasteromy¬ 
cetes.  Johnson  (1952)  listed  four  species  from  west-central 
counties,  McDougall  (1917,  1922)  briefly  mentioned  five 
species  in  his  papers  dealing  with  Illinois  mushrooms,  and 
the  Illinois  Foray  of  the  Mycological  Society  of  America 
(Cooke,  1969)  provided  collection  records  of  11  gasteromy¬ 
cetes. 
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References  to  Illinois  gas teromycetes  can  also  be  found 
in  several  works  encompassing  larger  geographic  areas. 

Morgan  (1  885  ,  1  892  )  treated  Bo vi s tel  1  a  radi cata  (Mont.)  Pat. 
and  Geas  trum  striatum  DC.  from  the  state,  while  Coker  and 
Couch  (1928)  examined  and  cited  11  species  collected  in  Illi¬ 
nois  by  McDougall.  In  his  monographs  of  various  gas teromycete 
genera  and  families,  Lloyd  (1902a,  1902b,  1903,  1905,  1906a, 
1906b,  1906c)  referred  to  16  Illinois  species.  There  are 
undoubtedly  other  Illinois  reports  scattered  in  Lloyd's  let¬ 
ters;  these,  however,  were  not  examined.  In  more  recent 
monographs,  Guzman  (1970)  examined  6  Illinois  Scl eroderma 
species  in  his  study  of  that  genus,  Ponce  de  Leon  (1972),  in 
his  treatment  of  Vascel 1  urn ,  cited  2  species  from  Illinois, 
and  Kreisel  (1  9671  referred  to  B o v i s t a  pi umbea  Pers.  from  the 
state.  Graham  (1  944)  and  Johnson  (  1  9291  referred  to  Illinois 
in  their  distribution  data  on  several  gas teromycetes ;  i  t 
appears,  however,  that  they  obtained  their  information  indir¬ 
ectly  through  other  references.  For  this  reason  their  papers 
have  not  been  used.  Most  authorities  who  have  cited  Illinois 
gas teromycetes  indicated  where  the  herbarium  material  of  each 
exists.  These  specimens  have  not  been  examined  in  preparing 
this  paper. 


SPECIES  LIST 


All  of  the  species  referred  to  above  are  contained  in 
the  following  list,  along  with  the  authors  reporting  them. 
Authors  have  been  abbreviated  as  follows:  Coker  and  Couch- 
(CC),  Cooke-(C),  Guzman -(G),  Johnson-(J),  Kreisel-(K),  Lloyd- 
(L),  McDougal 1  - (MD )  ,  Moffatt-(M),  Morgan-(MO),  and  Ponce  de 
Leon-(P).  When  more  than  one  work  by  an  author  is  cited,  the 
date  of  the  specific  article  follows  the  abbreviation.  Clas¬ 
sification  of  taxa  above  species  follows  that  of  Zeller 
(1949),  while  Kambly  and  Lee  (1936)  and  Smith  (1951)  were 
used  for  species  nomenclature  in  most  cases.  Guzman  (1970) 
was  followed  for  Scl eroderma ,  and  Ponce  de  Leon  (1968)  for 
Geas trum.  Where  confusion  may  arise  concerning  names  employ¬ 
ed  by  previous  authors  reporting  Illinois  species,  synonyms 
have  been  included.  Collection  data  are  given  for  species 
reported  only  in  this  paper,  and  material  of  most  has  been 
deposited  in  the  University  of  Illinois  Herbarium.  Species 
preceded  by  an  asterisk  are  thought  to  be  reported  for  the 
first  time  from  Illinois. 

Phal 1 al es 

Pha 1 1 aceae 

Dictyophora  d u p 1 i c a t a  (Bose)  E.  Fisch.  -  (M). 

Muti nus  cani nus  (Pers.)  Fr.  -  (M),  (C). 
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M  u t i n u  s  el egans  (Mont.)  E.  Fisch.  -  ( J  )  .  Champaign, 

Champaign  Co.,  19  Sept.  1975,  Cox. 

Phallus  i m p u d i c u s  Pers.  -  ( M ) ,  ( M D ,  1922),  (CC).  Cham¬ 

paign  Co.,  11  Nov.  1972,  Parker. 

Cl  a thraceae 

*S i mb  1 um  sphaerocephal urn  Schlect.  -  Urbana,  Champaign  Co. 
9  Oc t .  1973,  Parker. 

Lycoperdal es 

Arachniaceae 

*Arachnion  album  Schw.  -  University  of  Illinois  campus, 
Champaign  Co.,  12  Aug.  1972,  Cox;  22  Aug.  1975, 
Anderson  and  Parker.  Lake  Sara,  Effingham  Co.,  1  Sept 
1975,  Parker. 

Lycoperdaceae 

B o v i s t a  p i 1  a  Berk,  and  Curt.  -  (M). 

B o v i s t a  p 1 umbea  Pers.  -  (M),  (L,  1  902b),  (K).  Cham¬ 
paign  Co.,  5  Apr.  1975,  Parker. 

B o v i s t e 1 1  a  r a d i c a t a  (Mont.)  Pat.  -  ( M ) ,  (MO,  1892). 

Cal vati a  b o v i s t a  (L.)  Macbride  -  (M).  From  Moffatt's 

description,  it  appears  that  he  is  referring  to  the 
synonymous  C a  1 v a t i a  g i g a n t e a  (Pers.)  Lloyd. 

C a  1 v a t i a  cran i i f ormi s  (Schw.)  Fr.  -  (M),  (CC).  Lake 
Sara,  Effingham  Co.,  15  Oct.  1972,  Parker.  Garden 
of  the  Gods,  Hardin  Co.,  14  Oct.  1972,  Parker.  Coles 
Co.,  21  Mar.  1970,  Parker. 

Cal vati a  cyathiformis  (Bose)  Morg.  -  (M),  (MD,  1917), 

( C )  .  Kickapoo  State  Park,  Vermilion  Co.,  3  Oct.  1971, 
Parker.  Champaign,  Champaign  Co.,  5  Sept.  1975, 
Parker. 

C a  1 v a t i a  f r a g i 1 i s  (Vitt.)  Morg.  -  (CC). 

Calvatia  gigantea  (Pers.)  Lloyd  -  (MD,  1917). 

C a  1 v a t i a  rubo-flava  (Crag in)  Morg.  -  ( M )  ,  (J),  (CC). 

Fox  Ridge  State  Park,  Coles  Co.,  15  Aug.  1967,  Parker. 

Calvatia  saccata  (Fr.)  Lloyd  -  (M). 
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Lycoperdon  at ropurpureum  Vitt.  -  (L,  1905). 

Lycoperdon  cepaef orme  Bull.  -  (M )  ,  ( L ,  1905). 

Lycoperdon  curtisii  Berk.  (=Vascellum  curtisii  (Berk.) 
Kreisel )  -  (P,  1970),  (M),  (L,  1905),  (J).  Champaign, 

Champaign  Co.,  8  Sept.  1975,  Parker.  Douglas  Co.,  19 
Oct.  1 971  ,  Parker . 

Lycoperdon  f uscum  Bonorden  -  (L,  1905). 

Lycoperdon  margi na turn  Vitt.  -  ( M )  ,  (L,  1905).  Kickapoo 

State  Park,  Vermilion  Co.,  3  Oct.  1971,  Parker.  Ken- 
necut  County  Park,  Vermilion  Co.,  14  June  1975,  Parker. 
Allerton  Park,  Piatt  Co.,  22  July  1975,  Parker.  My 
specimens  of  this  species  may  be  assignable  to 
Vascel 1  urn  cruciatum  (Rostk.)  P.  Ponce. 

Lycoperdon  mol  1 e  P e r s .  -  ( M ) . 

Lycoperdon  oblong isporum  Berk,  and  Curt.  -  (C). 

Lycoperdon  pedicellatum  Pk.  -  Lloyd  (1906a)  reported  this 
species  under  the  name  Bovistella  pediceilata  (Pk.) 
Lloyd. 

Lycoperdon  perlatum  Pers.  -  (M),  (MD,  1922),  (L,  1905), 

(C),  (CC). 

Lycoperdon  pulcherrimum  Berk,  and  Curt.  -  (M),  (L,  1905), 

(CC). 

Lycoperdon  p u s i 1 1 u m  Pers.  -  ( M ) . 

Lycoperdon  py r i forme  Pers.  -  (M),  (L,  1905),  (CC). 

Lycoperdon  ri mu  1  a  turn  Peck  ex  Trelease  -  (J). 

Lycoperdon  t u r n e r i  E.  and  E.  -  (L,  1905). 

Lycoperdon  u m b r i n u m  Pers.  -  (L,  1905),  (C). 

Va seel  1  urn  cruciatum  (Rostk.)  P.  Ponce  -  (P,  1  970). 

* D i s c i s e d a  Candida  (Schw.)  Lloyd  -  University  of  Illinois 
campus  Champaign  Co.,  15  Aug.  1972,  Cox.  Lake  Sara, 
Effingham  Co.,  1  Sept.  1975,  Parker.  It  is  of  interest 
to  note  that  both  times  this  fungus  was  collected, 
Arachnion  a  1  bum  Schw.  was  growing  nearby.  Morgan  re¬ 
ported  this  observation  in  1892. 

Mycena  s  t raceae 
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Mycenastrum  c  o  r i u  m  ( G  u  e  r  s .  )  Desv.  -  ( M )  ,  ( L  ,  1902b). 

Mattoon,  Coles  Co.,  20  Oct.  1969,  Lackey,  Eastern 
Illinois  University  Herbarium. 

Geas  t raceae 

Geastrum  corona  turn  P  e  r  s .  ( =Geas ter  1 i m  b  a  t  u  s  F  r .  )  -  ( M  )  . 

Gea s trum  flori forme  (Vitt.)  Cunn.  ( =  Geas ter  d e 1 i c a t u s 
Morg .  )  -  (M  )  . 

Geastrum  i  n  d  i  c  u  m  (Klotz.)  Rauschert  (  =  Geas  ter  triplex 
J  u  n g  h  .  )  -  (MT ,  ( C C  )  . 

Geastrum  pect i na turn  P  e  r  s  .  ( - Geastrum  s  t r i a  turn  DC., 
Geastrum  s  c  h  m  i  d  e  1  i  i  Vitt.)  -  ’(MO  ,  1  885  )  "7  CM  )  . 

Geastrum  ruf escens  P e r s .  -  ( M  )  . 

Geastrum  saccatum  (Fr.)  Fischer  -  ( M )  ,  (L,  1902a). 

Scl erodermatal es 

Scl eroderma taceae 

Scl erode rma  areol atum  Ehrenb.  -  (G).  Fox  Ridge  State 

Park,  Coles  Co.,  24  Aug.,  1971,  Parker.  Allerton  Park, 
Piatt  Co.,  22  July,  1975,  Parker.  Lake  of  the  Woods, 
Champaign  Co.,  12  Aug.,  1975,  Parker. 

Scleroderma  cepa  Pers.  ( =  Scl eroderma  flavidum  E.  and  E . )- 
(M),  (G). 

Sc  1  e  rod  e  rma  c  i  t  r  i  n  u_m  Pers.  (  =  Scl  e  rode  rma  auranti  urn 

Pers.  )  -  ( M ) ,  (Cl,  (G).  Kickapoo  State  Park,  Vermil¬ 

ion  Co.,  17  July,  1975,  Parker.  This  large  collection 
of  over  75  basidiocarps  was  found  growing  in  soil  be¬ 
neath  several  trees  of  Quercus  i m b r i c a r i a  M i c h x .  Ma¬ 
ture  specimens  of  Boletus  parasiticus  ( Bu 11.)  F  r .  were 
found  parasitizing  four  of  the  fructifications. 

Scl eroderma  michiganense  (Guzman)  Guzman  -  (G). 

Scleroderma  p  o 1 y  r  h i z  u  m  Pers.  ( =  S  c 1 eroderma  gea  s  ter  Fr.)  - 
( G )  .  Champaign,  Champaign  Co.,  21  Oct.  1974,  Parker. 

Red  Hill  State  Park,  Lawrence  Co.,  26  Feb.  1971,  Parker. 

Scleroderma  verrucosum  Pers.  ( =Sc 1 eroderma  tenerum  B.  and 

c.)  -  Cm)  .  (G),  (cl. 

Pisolithaceae 
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* P i sol i thus  t i n c t o r i u s  (Pers.)  Coker  and  Couch  -  Effingham 
Co.,  Sept.  1970,  Cox.  Kickapoo  State  Park,  Vermilion 
Co.,  3  Sept.  1972,  Schanzle.  Allerton  Park,  Piatt  Co., 
22  Sept.  1974,  Parker.  Coles  Co.,  29  June  1969,  Mertz, 
Eastern  Illinois  University  Herbarium.  The  time  of 
basidiocarp  appearance  for  the  Effingham  collection  may 
be  worth  noting.  A  woods  of  primarily  Quercus  spp.  was 
cleared  and  plowed  in  the  spring  of  1970,  and  fructifi¬ 
cations  of  P_.  tinctorius  appeared  in  furrows  of  that 
field  the  following  September.  It  could  be  speculated 
that  the  disturbance  of  the  woodland  habitat  stimulated 
the  fruiting  of  this  species. 

As traeaceae 

As  t  raeus  h.ygrometr  i  cus  (Pers.)  Morg.  -  (M),  (L,  1902a). 

Wilkerson  Farm  Sand  Prairie,  Mason  Co.,  5  Aug.  1972, 
Parker.  Occurs  in  great  abundance  at  this  location. 

T  u 1  os  toma taceae 

Tul os toma  campes tre  Morg.  -  (M),  (L,  1906b).  Dee's 

gravel  pits,  Lawrence  Co.,  June  1967,  Dec.  1971,  4 
Sept.  1972,  Parker.  Refer  to  discussion  below  under 
T  .  s i m  u 1  a  n  s  Lloyd. 

T  u 1  os  toma  mammosum  Fr.  var.  -  (M).  According  to  Moffatt, 

he  submitted  specimens  of  this  plant  to  Lloyd,  and 
Lloyd  replied  that  it  did  not  have  a  name  at  that  time. 
Lloyd  (1906b)  apparently  later  named  the  fungus 
T  ul  os toma  s  i  m  u  1  a  n  s  Lloyd,  but  did  not  refer  to  Moffatt's 
collection.  However,  he  did  state  on  page  27  that  2 
unnamed  collections  from  Moffatt  were  in  his  herbarium. 

Tul  ostoma  pocu 1  a  turn  White  -  ( M ) . 

Tu 1 o stoma  s i m u 1  a n s  Lloyd  -  Kennecut  County  Park,  Vermil¬ 
ion  Co.,  1  Mar.  1975,  Anderson  and  Parker.  Dee's  gravel 
pits,  Lawrence  Co.,  June  1967,  Dec.  1971,  4  Sept.  1972, 
Parker.  This  species  and  T .  campes tre  occur  in  large 
mixed  populations  at  the  Lawrence  Co.  site.  The  1967 
collection  of  more  than  200  specimens  was  composed  of 
approximately  80%  T.  s i mul ans ,  while  the  1971  collec¬ 
tion  (over  400  fruiting  bodies)  was  approximately  40% 

T.  s i mu  1 ans ,  and  the  1972  collection  (over  200  fruiting 
bodies)  was  about  30%  T.  s i m  u 1  a  n  s  . 

T u 1 ostoma  tubercul atum  White  -  (L,  1906b). 

Tu 1  os  toma  verrucosum  Morg.  -  (M). 
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Nidulariales 


Nidulariaceae 

* N i d u 1  a r i a  p u 1 v i n a t a  (Schw.)  Fr.  -  4  July  1  967  ,  Lawrence 
Co . ,  Parker . 

Cya thus  o 1 1  a  Pers.  -  (M). 

Cya thus  s tercoreus  (Schw.)  de  Tom’  -  (M),  (CC).  21  May 

1971,  Edgar  Co.,  Parker.  Developed  on  horse  manure. 

Cya thus  s tr i a tus  Pers.  -  (M),  (C).  Coles  Co.,  25  July 

1967,  Parker.  Lawrence  Co.,  13  Aug.  1967,  Parker. 
Allerton  Park,  Piatt  Co.,  5  Sept.  1972,  Parker. 

Cruc i bu 1  urn  1  eve  (DC.)  Kambly  -  (L,  1  906c),  (M),  (C), 

( CC ) .  Lawrence  Co.,  19  Aug.  1  967  ,  Parker.  Allerton 
Park,  Piatt  Co.,  22  July  1975,  Parker. 

Podaxa 1 es 
Secotiaceae 

S  e  c  o  t  i  u  m  agar  ico  ides  (Czern.)  Hollos  (  =  Endopt,ychum 
agaricoides  Czern.)  -  (MD),  (M),  ( L ,  1903). 
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LATE  FALL  FOODS  OF  THE  GRAY  FOX  IN  SOUTHERN  ILLINOIS 

C.  M.  Pils,  Cooperative  Wildlife  Research  Laboratory,  Southern  Illinois 
University,  Carbondale  62901.  ^ 

W.  D.  Klimstra,  Cooperative  Wildlife  Research  Laboratory,  Southern 
Illinois  University,  Carbondale  62901. 


ABSTRACT 

Contents  of  digestive  tracts  from  169  gray  foxes  (Urocyon 
cinereoargenteus)  collected  during  October,  November  and 
December  from  1954  through  1963  in  five  southern  Illinois 
counties  were  analyzed.  Plants  such  as  persimmons 
(Diospyros  virginiana) ,  wild  grapes  (Vitis  spp . )  ,  and 
corn  (Zea  mays)  were  the  most  important  food  items  by 
percent  volume  and  frequency  of  occurrence.  Plants  de¬ 
creased  in  the  diet  from  October  to  December;  the  reverse 
was  true  for  animal  foods.  Mammals  were  the  most  impor¬ 
tant  animal  foods  in  the  diet.  Comparison  of  stomach  and 
large  intestine  contents  suggest  that  it  may  be  feasible 
to  consider  them  separately  for  the  most  complete  analysis 
of  the  diet  of  this  canid.  Comparison  of  gray  fox  diets 
in  Virginia,  Pennsylvania,  Missouri  and  Iowa  with  the  pres¬ 
ent  study  indicated  that  mammals  provided  the  primary  food 
in  all  other  studies. 


The  diet  of  gray  foxes  (Urocyon  cinereoargenteus)  is  highly  omni¬ 
vorous  in  Iowa  (Scott  1955) ,  Virginia  (Nelson  1933) ,  Pennsylvania 
(Kozicky  1943)  and  Missouri  (Korschgen  1957) .  Foods  in  Illinois  gray 
foxes  have  been  little  studied.  The  objectives  of  this  research  were 
to:  (1)  determine  the  dietary  pattern  of  gray  foxes  during  October, 

November  and  December;  (2)  examine  the  feasibility  of  considering  the 
stomach  and  intestine  as  separate  samples;  and  (3)  compare  southern 
Illinois  data  with  those  of  gray  fox  food  studies  in  other  states. 

Appreciation  for  editorial  assistance  by  J.  B.  Hale,  Wisconsin  De¬ 
partment  of  Natural  Resources,  and  J.  W.  Hardin  and  J.  L.  Roseberry, 
Cooperative  Wildlife  Research  Laboratory,  Southern  Illinois  University 
at  Carbondale,  is  acknowledged.  This  paper  represents  a  contribution 
from  Project  No.  46,  Cooperative  Wildlife  Research  Laboratory,  Southern 
Illinois  University.  A  portion  of  the  data  was  presented  by  the  senior 
author  in  partial  fulfillment  of  requirements  for  the  Master  of  Arts 
degree  in  Zoology. 


^Present  address:  3911  Fish  Hatchery  Road,  Madison,  Wisconsin  53711. 
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METHODS  AND  MATERIALS 


Available  from  Southern  Illinois  University  Cooperative  Wildlife  Re¬ 
search  Laboratory  collection  were  29  gray  fox  digestive  tracts  (stomachs 
and  intestines)  collected  in  October,  56  in  November,  and  84  in  December 
during  1954  to  1963.  Contents  of  stomachs  and  intestines  had  been  pre¬ 
viously  segregated  and  preserved  in  jars  of  10  percent  formalin  solution. 
Thg.volume  of  this  material  was  calculated  to  the  nearest  ml  by  water 
displacement  in  a  1000  ml  graduated  cylinder.  Subsequently,  individual 
items  were  sorted  and  their  volume  determined.  * 


RESULTS 


Plant  foods  including  persimmons  (Diospyros  virginiana) ,  wild  grapes 
(Vitis  spp.)  ,  and  com  (Zea  mays) ,  were  the  most  important  items  in  the 
digestive  tracts  by  both  percent  volume  and  percent  frequency  of  occur¬ 
rence  (Table  1).  One  hundred  sixty-seven  plant  foods,  constituting  70 
percent  by  volume,  appeared  in  99  percent  of  the  complete  digestive 
tracts.  A  total  of  164  animal  foods  comprising  30  percent  by  volume 
showed  97  percent  frequency  of  occurrence.  Mammals  made  up  the  highest 
percentage  of  animal  food;  rabbits  ranked  high  (Table  1) .  Possibly  both 
swamp  rabbits  (Sylvilagus  aquaticus)  and  cottontails  (S^.  f loridanus)  were 
included,  but  they  could  not  be  distinguished  in  the  sample.  Representa¬ 
tives  of  Insecta  found  in  54  percent  of  all  digestive  tracts,  comprised 
a  2  percent  volume.  The  temporary  cicada  (Magicicada  spp.)  was  the  only 
insect  which  occurred  in  measurable  quantities. 


Based  on  analysis  of  complete  digestive  tracts  (stomachs  and  intes¬ 
tines  combined) ,  trends  in  utilization  of  major  food  groups  were  evident 
during  the  3  months  (Figure  1) .  The  volume  of  persimmons  dropped  from 
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Fig.  1.  Trend  in  food  utilization  (%  vol.)  by  gray  foxes  in  southern 
Illinois,  October-December ,  1954-1963. 
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TABLE  1.  Major  food  items  found  in  complete  digestive  tracts  of  169 
gray  foxes  collected  during  October,  November  and  December, 
southern  Illinois,  1954-1963. 


Foods 

Percent  Frequency 
of  Occurrence 

Percent 

Volume 

Plants 

99 

70 

Persimmon  (Diospyros  virginiana) 

70 

52 

Grapes  (Vitis  spp.) 

22 

6 

Corn  (Zea  mays) 

15 

5 

Pokeweed  (Phytolacca  americana) 

11 

2 

Apples  (Pyrus  spp.) 

7 

2 

Animals 

97 

30 

Mammals 

73 

24 

Deer  mice  (Peromyscus  spp.) 

30 

4 

Rabbits  (Sylvilagus  spp.) 

27 

10 

Prairie  vole  (Microtus  ochrogaster) 

25 

6 

Gray  fox  (Urocyon  cinereoargeneus) 

22 

1 

House  mouse  (Mus  mus cuius) 

7 

2 

Unidentified  mammal 

4 

x* 

Insects 

54 

2 

Short-horned  grasshopper  (Melanoplus 

spp.) 

40 

T 

Unidentified  insect 

11 

T 

Stink  bugs  (Pentatomidae) 

8 

T 

Temporary  cicadas  (Magicicada  spp.) 

1 

2 

Birds 

18 

4 

Unidentified  bird 

17 

1 

*T  =  trace  =  less  than  1% . 
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85  percent  in  October  to  43  percent  in  December.  Conversely,  during 
the  same  period,  the  occurrence  of  mammals  increased  in  the  digestive 
tracts.  Rabbits  were  the  most  important  animal  food  represented,  ap¬ 
pearing  during  October  at  1  percent  by  volume  and  17  percent  by  fre¬ 
quency.  By  December,  consumption  of  lagomorphs  had  increased  to  17 
percent  by  volume  and  37  percent  by  frequency  of  occurrence.  A  change 
in  food  utilization  occurred  during  December,  when  portions  of  skunk 
(Mephitis  mephitis) ,  raccoon  (Procyon  lotor)  and  opossum  (Didelphis 
marsupialis)  were  recorded. 

Contents  of  stomachs  and  intestines  taken  from  169  gray  foxes  for 
the  combined  months  of  the  study  were  compared  (Table  2) .  The  major 


TABLE  2.  Comparative  importance  of  major  food  items  as  recorded  in 

stomach  and  intestine  contents  from  169  gray  foxes,  collected 
in  southern  Illinois  during  October,  November  and  December, 
1954-1963. 


Stomachs 

Intestines 

Percent 

Volume 

Percent 
Frequency 
of  Occurrence 

Percent 

Volume 

Percent 
Frequency 
of  Occurrence 

Plant  Foods 

66.8 

97.0 

77.4 

99.5 

Diospyros  virginiana 

49.1 

63.7 

55.8 

70.2 

Vitis  spp. 

4.9 

15.9 

7.0 

20.5 

Grasses 

5.9 

35.0 

6.3 

32.9 

Zea  mays 

5.7 

15.9 

5.2 

11.8 

Phytolacca  americana 

.8 

3.8 

3.6 

10.6 

Animal  Foods 

33.2 

97.4 

22.6 

96.8 

Mammalia 

25.9 

67.0 

20.0 

68.6 

Lagomorpha 

10.4 

20.4 

9.6 

23.0 

Rodentia 

15.4 

44.6 

9.4 

38.9 

Aves 

4.4 

20.4 

2.2 

16.0 

Invertebrata 

2.9 

46.5 

.4 

48.8 

Insecta 

2.9 

44.0 

.4 

48.2 

Magicicada  spp. 

2.9 

.  6 

.4 

.  6 
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differences  were  in  terms  of  percent  volume  of  individual  plant  and 
animal  materials.  Persimmons  (Diospyros  virginiana)  and  pokeweed 
(Phytolacca  americana)  exhibited  the  major  percent  volume  differences 
in  plant  foods,  while  rodents,  invertebrates  and  insects  constituted 
the  greatest  percent  volume  differences  among  animal  foods. 

Foods  utilized  by  gray  foxes  in  Virginia  (Nelson  1933) ,  Pennsyl¬ 
vania  (Kozicky  1943) ,  Missouri  (Korschgen  1957)  and  Iowa  (Scott  1955) 
were  compared  to  those  utilized  by  foxes  in  this  study  (Table  3) . 

While  these  studies  did  not  all  encompass  the  same  time  period  as  this 
study,  except  for  the  data  from  Iowa  (Scott  1955) ,  there  was  overlap 
of  at  least  a  month.  In  Missouri,  Korschgen  (1957)  noted  that  the 
volume  of  plant  foods  utilized  during  September  through  November  (19 
percent)  decreased  to  9  percent  during  December  through  February.  A 
corresponding  increase  in  animal  foods  was  noted  during  these  periods 
with  the  cottontail  being  the  primary  food  (57  percent  by  volume) .  A 
higher  volume  of  animal  foods  (81  percent)  was  recorded  for  studies  in 
Missouri  and  in  Pennsylvania  (Kozicky  1943)  . 


DISCUSSION 


Several  explanations  may  be  given  for  the  appearance  and  frequency 
of  various  foods  in  the  gray  fox  diet.  Temporary  cicadas,  found  in  clus¬ 
ters  within  the  digestive  tracts,  gather  in  large  groups  during  their 
final  larval  instar  stage  (Borror  and  DeLong  1954) ;  they  could  be  readily 
eaten  in  large  quantity  by  foxes.  Scott  and  Klimstra  (1955)  found  red 
foxes  to  be  opportunistic  in  feeding,  capitalizing  on  sudden  occurrences 
of  cicadas. 

The  frequent  appearance  of  persimmons  in  the  diet  may  be  attributed 
to  their  high  seasonal  availability;  according  to  Sargent  (1905) ,  the 
fruits  ripen  in  the  fall  and  may  persist  on  the  branches  during  winter. 
The  majority  of  persimmon  fruits  found  in  the  digestive  tracts  were  ripe, 
indicating  that  they  had  been  eaten  after  falling  to  the  ground.  The 
availability  of  rabbits  may  have  been  enhanced  as  a  result  of  the  hunt¬ 
ing  season  in  November,  which  could  have  produced  crippled  or  dead 
rabbits . 

A  shift  in  utilization  of  larger  mammals  during  December  may  have 
been  a  result  of  fewer,  more  easily  available  foods,  causing  gray  foxes 
to  attack  larger  prey;  on  the  other  hand,  higher  early  winter  mortality 
for  skunks ,  opossums ,  and  raccoons  may  have  created  a  source  of  carrion 
for  scavenging  foxes . 

Some  differences  in  the  food  items  may  be  attributed  to  seasonal 
variation  in  availability,  which  may  have  been  even  more  evident  if 
studies  were  conducted  at  other  times  of  the  year.  For  example,  lago- 
morphs  may  have  been  highly  available  in  Missouri  because  of  the  high 
rabbit  population  and  the  long  hunting  season  (Wight  1959)  ,  as  well  as 
the  September  to  November  period  of  study  when  mortality  was  high. 
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TABLE  3.  Major  foods  of  gray  foxes  as  indicated  by  stomach  contents  or  scats  collected  from  five  localities 
in  United  States. 
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Stomach  analysis. 


The  present  study  indicated  that  stomachs  and  large  intestines  re¬ 
presented  reasonably  distinct  samples;  but,  small  intestines  reflected 
an  intergrade.  Scott  (1955)  concluded  there  was  little  reason  for  ana¬ 
lyzing  samples  from  the  stomach  separately  from  those  of  the  intestine. 
Our  study  revealed  that  differences  in  percent  volume  of  plant  and  ani¬ 
mal  foods  (Table  2)  were  evident  between  these  two  digestive  tract  seg¬ 
ments.  Foods  in  the  stomach  which  had  undergone  varying  degrees  of 
digestion  were  readily  identified  and  usually  permitted  volumetric 
determination.  In  contrast,  items  from  the  large  intestine,  which  were 
of  lesser  volume  than  stomach  items,  consisted  largely  of  nondigestible 
items  similar  to  those  found  in  scats.  Therefore,  percent  frequency  of 
occurrence  was  more  appropriate  for  indicating  importance  of  food  items 
in  this  segment.  Thus,  by  evaluating  the  contents  of  stomachs  and  in¬ 
testines  by  appropriate  criteria  (percent  volume  versus  percent  fre¬ 
quency  of  occurrence),  a  more  meaningful  picture  of  the  fox’s  diet  was 
established.  However,  care  must  be  taken  in  evaluating  scat  and  intes¬ 
tinal  analyses  as  suggested  by  Lockie  (1959) .  He  found  frequency  of 
occurrence  to  be  erroneous  in  determining  the  amount  of  a  given  food 
eaten  and  the  order  in  which  it  was  eaten. 

Based  on  this  study,  it  appeared  that  the  gray  fox  was  extremely 
opportunistic  and  fed  on  most  any  item  that  it  could  ingest.  Seasonal 
shifts  in  diet  from  plants  to  mammals  appeared  to  reflect  seasonal 
changes  in  abundance  of  these  plants. 
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BITUMEN  FROM  THORNTON  QUARRY 
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ABSTRACT 

Natural  tar  or  bitumen  occurs  in  small  amounts  in 
the  Niagara  dolomite  that  underlies  northeastern 
Illinois.  A  sample  from  Thornton  Quarry  was  compared 
with  bitumen  from  Green  River  shale  of  Colorado,  which 
has  been  intensively  studied.  It  contains  less  nitro¬ 
gen,  about  the  same  oxygen,  and  five  times  as  much 
sulfur. 

Thornton  bitumen  consists  of  18%  oils  fraction, 
48%  resins,  and  34%  asphaltenes.  Temperature-pro¬ 
grammed  gas  chromatography  of  the  oils  fraction 
showed  no  n-alkanes,  prominent  triterpanes,  and 
different  proportions  of  steranes  than  in  Green  River 
bitumen.  Other  techniques  with  larger  amounts  of 
bitumen  will  be  needed  to  characterize  the  resins  and 
asphaltenes . 


INTRODUCTION 

Underneath  the  glacial  clay  of  northeastern  Illinois  lie  several 
hundred  feet  of  Niagara  limestone,  deposited  during  Silurian  times. 
Where  reefs  then  grew,  rounded  hillocks  of  the  ancient  dolomite  now 
protrude  through  the  clay  to  provide  access  to  samples  of  things  that 
lived  more  than  400  million  years  ago.  The  rock  itself  is  a  mass  of 
fossils  ranging  from  one-celled  sediments  through  shells  to  plant  and 
animal  skeletons. 

Mixed  in  with  the  white  dolomite  are  shiny  black  particles  of 
bitumen  that  can  be  picked  out  of  the  rock  or  extracted  from  it  with 
organic  solvents.  This  bitumen  is  also  a  fossil  but  it  has  not  pre¬ 
viously  been  studied.  At  Thornton  Reef,  just  south  of  Chicago,  the 
bitumen  is  exposed  by  quarrying.  It  is  so  well  distributed  in  pores 
and  crevices  that  it  seems  to  have  been  formed  simultaneously  with  the 
rock,  and  it  may  also  be  of  Silurian  age.  Figure  1  is  a  historical 
photograph  of  a  pocket  of  bitumen  from  Thornton  Quarry  taken  from  the 
popular  booklet  by  Dr.  J  Harlen  Bretz  (1953)  on  the  geology  of  the 
Chicago  region. 
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We  have  compared  Thornton  bitumen  with  several  familiar  bitumens  in 
various  respects  (Marschner  1973).  At  25°,  it  has  a  specific  gravity  of 
0.068  and  a  viscosity  of  7.2  log  poises,  values  that  are  larger  than 
those  of  typical  natural  tars  or  petroleum  residues.  Also,  the  specific 
gravity  at  a  given  viscosity  is  higher  than  other  bitumens,  suggesting 
that  its  composition  is  distinguishably  different. 


ANALYSES  OF  BITUMENS 


Elemental  analyses  confirm  an  unusual  composition.  Table  I  com¬ 
pares  Thornton  bitumen  with  a  natural  bitumen  from  Green  River  shale  of 
Colorado,  which  is  of  Eocene  age  and  much  younger  than  Thornton  Reef. 
Because  the  kerogen  in  that  shale  is  a  likely  future  source  for  liquid 
fuels,  its  bitumen  has  been  repeatedly  studied.  Thornton  bitumen  has 
about  67.  sulfur,  which  is  five  times  as  much  as  Green  River,  but  only 
0.67o  nitrogen,  which  is  barely  half  as  much.  Both  are  high  in  oxygen 
content;  as  estimated  by  difference.  Green  River  has  about  67o  and 
Thornton  has  4  to  87.. 

Bitumens  contain  a  minimum  of  three  distinguishable  components: 
liquid  hydrocarbon  oils  with  less  than  50  carbon  atoms,  viscous  poly¬ 
cyclic  resins  with  heterocyclic  as  well  as  arene  rings  and  averaging 
perhaps  50  carbon  atoms,  and  solid  asphaltenes  with  100  or  more  carbon 
atoms  in  the  molecule.  Resins  usually  predominate  and  act  as  solvent 
for  the  other  components,  the  dissolved  liquid  oils  thinning  the  solu¬ 
tion,  and  the  dissolved  solid  asphaltenes  thickening  it  (Evans  1971). 

The  three  components  were  determined  by  a  standardized  liquid-phase 
chromatographic  procedure  using  silica  gel  as  adsorbent  and  n-hexane  as 
eluant  (Duffy  1971).  Table  II  presents  values  for  three  samples  of 
Thornton  bitumen  that  average  about  177.  oils,  467.  resins,  and  337. 
asphaltenes.  The  averages  total  only  967.  because  a  small  amount  of 
finely  divided  minerals  remains  dispersed  in  the  bitumen;  for  this 
reason,  compositions  are  given  both  as  actually  determined  and  as 
adjusted  to  100.07.  bitumen.  A  Green  River  shale  extract,  analyzed  by 
the  same  method,  was  richer  in  resins  and  poorer  in  asphaltenes. 

Analyses  from  the  literature  were  obtained  by  other  methods  and  are  not 
comparable . 

Once  the  bitumen  had  been  separated  into  components,  mass  spectro¬ 
metry  was  applied  to  begin  to  identify  the  constituents.  Nonvolatility 
prevents  obtaining  a  conventional  mass  spectrum  of  the  asphaltenes,  and 
lack  of  background  prohibits  interpreting  the  spectrum  that  can  be  ob¬ 
tained  for  the  resins,  but  experience  with  petroleum  permits  resolution 
of  the  complex  spectrum  shown  by  the  hydrocarbon  oils.  Table  III  pre¬ 
sents  the  composition  of  the  oils  from  Thornton  bitumen  as  computed  from 
the  mass  spectrum,  using  recently  improved  programs  (Robinson  1971). 
Hydrocarbons  with  no  rings  are  absent,  in  distinct  contrast  to  petroleum 
residues,  in  which  chain  hydrocarbons  ordinarily  predominate.  Arenes 
with  as  many  as  four  or  five  rings,  and  cycloalkanes  with  as  many  as  six 
rings  occur,  intermediate  hydrocarbons  with  a  total  of  three  rings  being 
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most  abundant.  Although  some  thiophenes  were  present  in  the  oils  frac¬ 
tion,  most  of  the  heterocyclic  compounds  would  be  expected  to  occur  in 
the  resins  and  asphaltenes  fractions. 


GAS  CHROMATOGRAMS  OF  THORNTON  BITUMEN 


Bitumen  extracted  from  Thornton  dolomite  provided  the  interesting 
chromatogram  shown  in  Figure  2.  It  was  obtained  in  a  Hewlett-Packard 
5750  research  chromatograph  temperature-programmed  to  400°  at  a  rate  of 
10°  per  minute.  The  dual  columns  were  6-meter  lengths  of  3-millimeter 
tubing,  packed  with  3%  OV-1  on  Chromosorb  G-HP.  Each  column  was  provided 
with  a  hydrogen- flame  ionization  detector,  the  nonsample  contribution  of 
the  idle  column  being  subtracted  from  the  total  contribution  of  the 
active  column  to  provide  a  sample  chromatogram  corrected  for  extraneous 
ionization.  In  obtaining  this  and  subsequent  chromatograms,  a  crude-oil 
standard  was  run  daily  to  establish  a  n-alkane  scale  by  which  to  express 
the  positions  of  other  substances. 

The  chromatogram  shows  a  dozen  or  so  prominent  peaks  that  are  num¬ 
bered  in  the  figure,  plus  at  least  another  sixty  smaller  ones.  Major 
ones  extend  from  below  twenty  to  above  forty  carbon  atoms,  and  hence 
represent  oil  constituents  primarily,  but  are  superimposed  on  a  rising 
curve  that  represents  an  unresolved  background  of  resin  constituents. 
Asphaltenes  and  any  minerals  remain  on  the  packing  at  the  front  of  the 
column  and  do  not  contribute  to  the  pattern.  Peaks  are  irregularly 
spaced  and  clearly  do  not  correspond  to  the  successive  n-alkanes  that 
dominate  chromatograms  for  typical  crude  petroleums.  The  most  prominent 
peaks  fall  in  the  same  range  as  n-alkanes  with  29  to  38  carbons,  which 
is  probably  equivalent  to  30  to  40  actual  carbons,  and  some  are  sharp 
enough  to  represent  individual  compounds. 

Another  chromatogram  for  native  Thornton  bitumen  picked  directly 
from  the  rock  rather  than  extracted  from  it  is  shown  in  Figure  3. 

Columns  only  two  meters  long  were  used,  and  separation  was  consequently 
not  as  good,  but  the  pattern  is  almost  the  same. 

In  an  attempt  to  concentrate  any  n-alkanes  that  might  be  present, 
some  of  the  native  bitumen  was  "dewaxed"  with  methylethyl  ketone  to  give 
the  two  fractions,  one  "soluble"  and  one  "insoluble,"  that  are  compared 
in  Figure  3.  Some  separation  had  occurred,  as  the  ratio  of  oils  below 
40  carbons  to  resins  above  40  carbons  was  lower  in  the  "insoluble" 
fraction.  But  both  compositions  are  otherwise  indistinguishable  from 
that  <?f  the  original  bitumen;  evidently  no  n-alkanes  are  present. 


GAS  CHROMATOGRAMS  OF  OILS  FRACTION 


Most  of  the  character  visible  in  total  Thornton  bitumen  can  be  seen 
in  gas  chromatograms  of  the  oils  fraction  alone.  An  oils  fraction  from 
Table  II,  given  as  the  top  curve  in  Figure  4,  presents  a  pattern  inter¬ 
mediate  in  sharpness  between  Figures  2  and  3,  which  it  matches  peak-for- 
peak  within  0.2  carbon.  In  the  absence  of  resins,  however,  the  general 
trend  is  down  rather  than  up,  indicating  a  decrease  in  the  amount  of 
oils  fraction  with  carbon  number. 
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Furthermore,  most  of  the  character  of  the  oils  fraction  is  concen¬ 
trated  at  the  front  or  least-sorbed  end,  n-Hexane  eluate  from  the 
analysis  column  was  collected  in  four  successive  lots  representing  0  to 
32%  (A),  32  to  65%  (B),  65  to  85%  (C),  and  85  to  100%  (D)  of  the  oils 
fraction.  Gas -chromatographic  patterns  of  the  separate  lots,  aligned 
with  the  aid  of  n-docosane  added  as  an  internal  standard,  appear  below 
that  of  the  total  oils  in  Figure  4. 

Lot  A  so  closely  resembles  the  total  oils  that  only  three  prominent 
peaks  are  obviously  depleted:  29.8,  36.2,  and  38.7.  Several  pairs  show 
up  almost  unchanged,  notably  33.7-34.3  and  37.5-38.0.  So  many  other 
major  and  minor  peaks  match  in  all  ranges  of  the  two  curves  that  the 
exceptions  are  easy  to  identify. 

Lot  B  retains  much  of  the  pattern  of  Lot  A,  indicative  of  consider¬ 
able  overlap,  but  other  substances  are  also  present.  Noteworthy  is  a 
large  peak  at  29.8  that  was  depleted  in  A,  and  traces  of  which  are 
visible  in  curves  A  and  C.  Because  Lots  A  and  B  together  comprise  65% 
of  the  oils  fraction,  dominance  of  the  bitumen  pattern  by  the  compounds 
responsible  for  the  major  peaks  of  Lot  A  is  understandable. 

Lot  C  overlaps  B  on  one  side  and  D  on  the  other.  Its  major  con¬ 
stituents  are  29.4  and  31.2,  which  were  hidden  by  the  taller  peaks  at 
29.8  and  31.8  in  Lot  A,  and  especially  the  quartet  of  36,2,  37.1,  37.8 
and  38.4.  Three  of  these  were  visible  in  the  spectra  of  the  original 
bitumen,  whereas  37,8  was  hidden  by  the  tall  peaks  at  37.5  and  38.0  in 
Lot  A. 

Lot  D  is  the  last  of  the  oils  to  elute  before  the  resins,  and  is 
richest  in  the  arene  rings  previously  indicated  in  Table  III.  Its  most 
prominent  peaks  fall  at  regular  intervals  that  correspond  to  31  to  37 
n-alkane  carbons,  apparently  with  an  even-number  predominance.  These 
constituents  are  not  n-alkanes,  which  would  desorb  much  earlier  than 
adjacent  to  the  resins,  but  are  probably  some  other  homologous  series. 
The  few  minor  peaks  visible  in  D  can  be  accounted  for  by  overlap  with 
Lot  C. 

Relations  worked  out  between  the  lots  and  the  total  oils  in  Figure 
4  have  been  successfully  applied  to  the  previous  figures.  With  the 
possible  exceptions  of  a  few  small  peaks,  the  entire  pattern  of  Figure 
3,  for  example,  can  be  accounted  for  by  constituents  visible  in  the 
patterns  of  the  four  lots. 

INTERPRETATION  OF  GAS  CHROMATOGRAMS 


Clues  to  the  nature  of  the  hydrocarbons  present  are.  contributed  by 
work  done  elsewhere  on  the  composition  of  bitumen  from  Green  River  shale. 
Especially  helpful  are  two  parallel  studies:  Anders  and  Robinson  (1971) 
of  the  Bureau  of  Mines  at  Laramie,  Wyoming,  who  worked  with  a  sample 
from  the  "Demonstration  Mine  near  Rifle"  freed  successively  of  asphal¬ 
tenes,  arenes,  and  n-alkanes;  and  Gallegos  (1971)  of  the  Chevron 
Research  Company  at  Richmond,  California,  who  worked  with  a  sample  from 
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the  "vicinity  of  Grand  Valley"  isolated  by  four  elutions  from  alumina 
with  cyclohexane.  Both  used  a  combination  of  separation  by  gas  chroma¬ 
tograph  and  identification  by  mass  spectrometer  to  achieve  a  semi- 
quantitative  analysis  of  the  many  constituents  found  in  or  indicated  by 
extensive  previous  work. 

Despite  differences  in  original  shales  and  methods  of  processing 
the  bitumens,  the  two  gas  chromatograms  were  similar,  as  shown  in  Figure 
5.  Both  segregated  seven  major  peaks,  presumably  the  same  ones,  and  50 
to  70  lesser  ones--a  complexity  comparable  to  that  of  Thornton  bitumen. 
Prominent  in  both  studies  are  a  series  of  noncyclic  isopranes  just  be¬ 
low  twenty  carbon  atoms,  especially  the  pristane  and  phytane  that  are 
often  found  in  petroleum,  a  group  of  steranes  and  pentacyclic  triter- 
panes  with  about  thirty  carbons,  and  a  lone  last  peak  for  carotane  with 
forty  carbons. 

There  is  little  superficial  resemblance  to  Thornton  bitumen,  in 
which  isopranes  below  20  are  absent  and  the  first  major  peaks  occur  at 
23.2  and  25.9  carbon  atoms.  The  range  of  peaks  that  appear  thereafter 
from  29.8  to  36.2  could  represent  polycyclic  hydrocarbons  similar  to 
those  in  Green  River  shales,  but  the  proportions  must  be  entirely  dif¬ 
ferent.  The  last  major  peak  at  38.7  has  the  position  of  carotane,  but 
the  larger  twin  peaks  at  37.5  and  38.0  have  no  counterpart  in  the  shale. 
The  two  bitumens  certainly  have  distinguishable  profiles. 


CONCLUSION 


Nevertheless,  the  similarities  between  Thornton  and  Green  River 
bitumens  in  the  intermediate  range  of  steranes  and  triterpanes  are  too 
close  to  dismiss.  Some  of  the  Thornton  peaks  near  30  carbon  atoms  may 
represent  steranes--perhaps  the  same  cholestane,  ergostane,  and  sito- 
stane  that  occur  in  Green  River  bitumen.  Such  a  compact  series  of 
steranes  must  have  been  formed  in  sequence,  either  by  selective  synthe¬ 
sis  from  smaller  molecules,  or  by  selective  degradation  of  larger  ones. 
This  series  in  varying  amount  may  occur  generally  in  bitumens  of  various 
ages . 


In  a  parallel  way,  the  Thornton  peaks  between  32  and  36  carbon 
atoms  may  represent  triterpanes,  perhaps  even  including  the  gammacerane 
and  hopane  that  occur  in  Green  River  bitumen.  But  such  specific  struc¬ 
tures  may  be  synthesized  only  by  particular  families  of  living  matter 
and  hence  contributed  by  them  to  only  an  occasional  bitumen.  Finally, 
carotane,  the  reduction  product  of  the  carotenes  that  are  widely  re¬ 
sponsible  for  yellow  colors  in  plants,  may  be  either  present  in  or 
absent  from  whole  classes  of  bitumens,  depending  upon  circumstances  of 
source  or  environment. 

Further  work  on  Thornton  bitumen  may  uncover  clues  as  to  its  age 
and  source.  Whether  compounds  not  now  found  were  ever  present  and  when 
the  compounds  found  were  actually  formed  are  questions  that  can  only  be 
speculated  upon.  But  some  life  patterns  common  in  the  Eocene  did  not 
even  exist  in  the  Silurian,  and  survival  from  Silurian  times  would  have 
required  greater  resistance  than  survival  from  Eocene  times,  only  a  tenth 
as  long  ago.  Identification  of  any  unique  structures  in  Thornton  bitumen 
could  be  extremely  helpful. 


Further  study  of  these  "biological  markers"  involves  geology  and 
chemistry  as  well  as  biology  to  pose  a  fascinating  if  complicated  in¬ 
terdisciplinary  problem.  In  the  chemistry  area,  examination  of  larger 
amounts  of  bitumen  would  permit  techniques  that  could  bring  better 
separations  into  play.  Successive  molecular  distillates  with  20-odd, 
30-odd,  and  40-odd  carbon  atoms  have  already  been  successfully  collect¬ 
ed.  Such  clean  cuts  should  yield  especially  well  to  fractionation  by 
adsorption,  and  varieties  of  extraction,  adduction,  and  diffusion 
techniques  are  available  for  further  separation.  Thereafter,  the  mass 
spectra  of  increments  from  a  gas  chromatograph  should  go  far  to  distin¬ 
guish  what  species  are  present. 

Especially  interesting  and  significant  because  of  their  abundance 
are  the  resins.  Their  gas-chromatograph  pattern  shows  little  character 
in  contrast  to  that  of  the  oils  fraction;  either  the  composition  is 
more  complicated  or  the  constituents  are  more  difficult  to  distinguish. 
The  resins  have  not  yielded  to  methods  that  are  conventional  for  sepa¬ 
rating  the  relatively  saturated  constituents  of  the  oils  fraction. 

Other  techniques  may  prove  more  successful,  but  new  methods  may  yet  have 
to  be  devised. 
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Table  I  -  Elemental  Analyses  of  Bitumens 
Weight  Percent 


hydro- 

nitro- 

oxygen 

carbon 

gen 

sulfur 

gen 

+  errors 

from 

Thornton  dolomite 

* 

original  bitumen 

74.9 

10.4 

6.3 

0.6 

7.8 

167,  oils 

77.4 

11.9 

2.1 

0.0 

8.6 

517  resins 

81.2 

9.7 

5.2 

0.4 

3.5 

337.  asphaltenes 

79.6 

7.4 

8.1 

1.2 

3.7 

1007o  (calculated) 

80.1 

9.3 

5.7 

0.6 

4.3 

from 

Green 

River  shale 

total  organic  matter 

80.5 

10.3 

1.0 

2.3 

5.9 

extracted  bitumen 

81.3 

10.9 

1.0 

1.0 

5.7 

literature  (Robinson 

1960) 

80.4 

11.1 

1.1 

0.9 

6.5 

*  by  difference 
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Table  II  -  Component  Analyses  of  Bitumens 
weight  percent  (values  in  parentheses  are  for  mineral- free  bitumen) 

Thornton  bitumens 


oils 

14.9 

(15.6) 

18.5 

(18.9) 

17.7 

(18.4) 

resins 

49.4 

(51.6) 

46.0 

(47.2) 

45.4 

(47.0) 

asphaltenes 

31.4 

(32.8) 

33.1 

(33.9) 

33.3 

(34.6) 

total 

95.7 

(100.0) 

97.6 

(100.0) 

96.4 

(100.0) 

Green  River 

shale 

extracts 

oils 

19.0 

(21.1) 

25.0 

(25.3) 

(14.8) 

resins 

66 . 7 

(73.9) 

38.0 

(38.4) 

-- 

(67.2) 

asphaltenes 

4.5 

(  5.0) 

36.0 

(36.3) 

-- 

(18.0) 

total 

90.2 

(100.0) 

99.0 

(100.0) 

-- 

(100.0) 

Robinson  1960 

Robinson  19 
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Table  III  -  Mass  Spectral  Analysis  of  Oils  Fraction 

Weight  Percent 


number  of 

number  of 

arene 

rings 

cycloalkane 

rings 

0 

1 

2 

3 

4  or  5 

total 

0 

0.0 

2.6 

1.0 

5.7 

2.8 

12.1 

1 

13.7 

4.8 

3.6 

2.1 

24.2 

2 

13.1 

7.0 

2.9 

23.0 

3 

17.5 

3.2 

2.0 

22.7 

4 

3.4 

2.0 

5.4 

5 

4.0 

4.0 

6 

2.0 

2.0 

total 

53.7 

19.6 

9.5 

• 

00 

2.8 

93.4* 

*  balance  of  6.6%  is  thiophenes 
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RETENTION  TIME  MINUTES 


GAS  CHROMATOGRAMS  OF  NATIVE  BITUMEN 
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GAS  CHROMATOGRAMS  OF  FRACTIONS  OF  SATURATES 

n  ALKANE  CARBONS 
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RETENTION  TIME.  MINUTES 

Figure  5 
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HARVEST  RETURNS  OF  PEN-REARED  BOBWHITE  QUAIL 

W.  D.  Klimstra 

Cooperative  Wildlife  Research  Laboratory 
Southern  Illinois  University,  Carbondale  62901 


INTRODUCTION 

During  1954-1959  an  intensive  Bobwhite  Quail  (Colinus  virginianus) 
management  program  was  conducted  on  The  United  Electric  Coal  Companies 
Inc.  properties  located  west  of  DuQuoin,  Illinois.  This  program  in¬ 
cluded  the  release  of  banded,  pen-reared  quail  at  various  times  of  the 
year.  This  paper  reflects  the  harvest  of  these  birds  during  a  6-year 
period  and  contributes  a  comparison  with  the  harvest  of  wild  birds. 


METHODS 

Dates  of  release,  total  numbers  released,  and  population  of  wild 
birds  appear  in  Table  1.  All  birds  liberated  in  the  summer  and  fall 
were  young-of-the-year  while  spring  releases  represented  quail  hatched 
the  previous  summer.  The  gentle-release  technique  (Baumgartner  1944) 
was  employed.  Summer  and  fall  liberations  represented  groups  of  20  to 
25  birds  placed  in  or  near  food  plots.  In  spring  birds  were  released 
in  groups  of  three  pairs  where  suitable  nesting  habitats  prevailed. 

In  summer  and  fall  of  1955  food  and  watering  devices  were  maintained 
at  release  sites  for  2  to  4  weeks.  All  quail  bore  a  leg  band  with  a 
number  and  address  for  return  to  the  researcher. 

In  1954,  1955,  and  1956  the  majority  of  the  quail  were  obtained 
from  the  Illinois  Department  of  Conservation  as  1-day-old  chicks  and 
reared  in  McCarty-type  pens.  Releases  during  the  hunting  season  in 
1956  were  locally  purchased  birds.  During  1957  through  1959  the  birds 
were  purchased  from  local  sources  immediately  prior  to  the  hunting  sea 
son.  The  quail  in  1954  through  1956,  released  in  advance  of  the  hunt¬ 
ing  season,  were  10-12  weeks  of  age  when  liberated;  for  the  remaining 
years  all  birds  were  at  least  16  weeks  of  age. 

Generally,  all  quail  were  raised  under  conditions  comparable  to 
those  utilized  by  sportsmen  clubs  throughout  Illinois.  On  the  basis 
of  weight  they  were  in  good  condition;  however,  some  had  frayed  body 
and  wing  feathers . 

Hunting  on  these  properties  was  limited  to  company  officials  and 
guests.  Although  some  were  experienced  quail  hunters,  many  were  not. 
Except  for  1954  when  there  was  deliberate  effort  to  limit  hunting, 
hunter  pressure  was  high.  This  was  reflected  in  man-hours-of-hunting 
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Table  1.  The  contribution  of  pen-reared  and  wild  bobwhites  to  hunter  harvest.  United  Electric  Coal  Companies 
Inc.,  1954-1959. 
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as  well  as  success  of  hunters  and  behavior  of  the  quail.  The  average 
hunting  ability  of  these  participants  was  probably  less  than  those  hunt¬ 
ing  quail  generally.  Success  of  inexperienced  hunters  was  enhanced  by 
released  birds  as  they  represented  easier  targets.  In  fact,  novice 
hunters  were  frequently  guided  to  where  liberated  quail  were  known  to 
be  present. 


RESULTS  AND  DISCUSSION 


The  results,  as  based  on  number  of  released  birds  harvested,  showed 
a  direct  relationship  with  the  time  of  liberation  (Tables  1  and  2) .  Low' 
est  (0.4  percent)  returns  were  realized  from  spring  releases  and  highest 
(38.6  to  60.0  percent)  from  releases  during  the  hunting  season;  the  lat¬ 
ter  were  handled  on  a  put-and-take  basis.  No  attempts  are  made  to  ex¬ 
plain  the  difference  in  returns  of  mid-  and  late-summer  liberations.  In 
1954  hunting  pressure  was  40.0  percent  less  than  in  subsequent  years; 
this  may  account  for  the  lower  return  that  year. 


Table  2.  Relationship  of  time  of  release  to  harvest  of  pen-reared 

bobwhites.  United  Electric  Coal  Companies,  Inc.,  1954-1959. 


Time  Released 

Number 

Released 

Birds 

Number 

Harvested 

Percent 

7-12  weeks 

before  hunting 

1,802 

147 

8.2 

2-3  weeks 

before  hunting 

2,767 

362 

13.1 

during  hunting 

407 

226 

55.5 

spring 

243 

1 

0.4 

Totals 

5,219 

736 

14.1 

These  findings  parallel  those  reported  by  several  other  investiga¬ 
tors.  In  Indiana,  Reeves  (1954)  found  a  2.4  to  15.5  percent  harvest  of 
summer  and  fall  releases;  the  average  was  4.0  percent.  He  reported  that 
birds  14  to  15  weeks  of  age  showed  the  highest  survival  rate.  Gerstell 
(1938)  showed  a  harvest  of  0.84  percent  of  fall  releases  and  0.06  per¬ 
cent  of  spring  liberations  in  Pennsylvania.  Oklahoma  studies  (Brill 
1941  and  Hanson  1947)  revealed  a  hunter  harvest  of  1.3  percent  of  lib¬ 
erated  birds.  In  Illinois  Hart  and  Mitchell  (1941)  recorded  an  18.0 
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percent  return  for  autumn  releases  and  no  return  for  spring  releases. 

In  Louisiana  Campbell  et  al.  (1943)  found  7.0  percent  of  fall  releases 
in  hunters'  bags;  they  estimated  that  61.0  percent  of  spring  released 
pairs  raised  broods  but  only  3.0  percent  of  all  of  those  released  were 
harvested.  The  basis  for  determining  the  success  of  spring  releases 
in  reproduction  was  not  indicated.  An  exhaustive  study  in  Kentucky 
(Pierce  1951)  showed  a  4.3  percent  return  of  released  quail  in  the 
hunter  harvest.  In  contrast  to  data  of  all  other  researchers,  Baum¬ 
gartner  (1944)  estimated  a  50.0  percent  survival  of  young  birds  until 
the  hunting  season  and  a  45.0  percent  survival  until  the  following 
breeding  season.  These  survival  levels  were  believed  due  to  sudden 
depletion  of  wild  populations  which  created  unoccupied,  quality  quail 
habitats . 

Significant  in  the  results  of  this  study  was  the  quality  of  hunt¬ 
ing  provided.  Experienced  hunters  could  not  distinguish  differences 
in  behavior  of  wild  and  released  birds  when  liberations  were  made  no 
later  than  September.  Seemingly,  there  had  been  a  joining  of  wild  and 
released  birds  into  individual  coveys.  Such  combinations  before  the 
hunting  season  of  these  respective  birds  were  not  common  for  those 
liberated  in  November.  The  experienced  hunter  detected  differences  in 
the  behavior  of  these  two  groups  of  birds;  released  quail  flushed  slower, 
flew  shorter  distances,  scattered  more  readily,  and  often  lit  in  trees. 
These  characteristics  allowed  distinction  of  pen-reared  birds  from  wild 
birds  even  when  there  had  been  a  joining  of  the  two  groups.  However, 
they  provided  reasonably  acceptable  hunting  for  the  inexperienced  hunter. 

The  quail  released  on  a  put-and-take  basis  contributed  low  quality 
hunting.  Frequently  they  had  to  be  "kicked"  to  promote  flying;  they 
flew  slowly,  just  above  the  vegetation  and  less  than  100  yards;  they 
scattered  wildly;  and  they  often  lit  in  trees.  Once  dispersed  they  be¬ 
gan  calling  immediately  and  moved  on  the  ground  in  little  or  no  cover 
showing  no  attempt  to  hide  or  "freeze."  The  presence  of  predators  seemed 
not  to  influence  this  behavior  as  reported  by  Pierce  (1951) .  Bird  dogs 
were  confused  by  such  activities  and  were  difficult  to  manage.  In  areas 
where  such  releases  were  made,  dead  birds  were  found  frequently.  Such 
observations  were  similar  to  those  of  Pierce  (1951) . 

Shortly  after  quail  releases  were  made  an  influx  of  avian  and  mam¬ 
malian  predators  was  noted.  This  was  most  obvious  where  liberations 
for  put-and-take  shooting  occurred.  Because  these  birds  had  been  dis¬ 
persed  by  hunting  shortly  after  release,  they  were  probably  more  vulner¬ 
able  and  showed  less  caution  when  regrouping  as  noted  by  Pierce  (1951) . 
For  example,  in  one  40-acre  field  at  4  p.m.'two  red  foxes  (Vulpes  fulva) , 
two  barred  owls  (Strix  varia) ,  one  coopers'  hawk  (Accipiter  cooperii) , 
four  red-tailed  hawks  (Buteo  j  amaicensis) ,  and  one  marsh  hawk  (Circus 
cyaneus)  were  observed  hunting  the  field.  Within  a  period  of  15  minutes 
three  avian  predators  made  kills. 

When  feed  and  water  were  provided  at  release  sites  there  was  a 
tendency  for  the  quail  to  remain  in  the  immediate  vicinity  of  these  for 
10  to  12  days.  Tracks  of  foxes  were  concentrated  in  such  sites  and  50 
scats  showed  quail  remains  in  31;  12  leg  bands  were  recovered.  There 
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was  less  tendency  for  quail  to  remain  near  release  sites  when  food  and 
water  were  not  provided;  and,  less  predation  was  believed  to  have  oc¬ 
curred.  These  observations  confirm  Pierce’s  (1951)  data. 

Band  returns  from  quail  released  September  or  earlier  indicated  a 
general  dispersal  of  0. 3-0.5  miles  from  the  release  site  within  2  to  3 
weeks.  Reeves  (1954)  reported  movements  of  0.1  to  12.0  miles;  Pierce 
(1951)  recorded  0.02  to  3.0  miles  with  an  average  of  0.4  miles;  and, 

Brill  (1941)  recorded  an  average  movement  of  2.2  miles.  In  this  study 
some  released  birds  moved  4.0  to  6.0  miles.  Approximately  14  months 
following  liberation  one  bird  moved  12.0  miles.  For  quail  released  10 
to  12  days  before  hunting,  there  was  general  movement  of  0.2  to  0.3 
miles.  Hunting  40  days  after  release  yielded  two  bands  from  birds  that 
traveled  2.0  miles.  These  data  suggest  increased  distances  traveled 
with  the  length  of  interval  between  the  release  and  harvest.  Reeves 
(1954)  noted  distances  moved  to  be  roughly  inversely  proportional  to 
the  age  of  birds  when  released  as  older  birds  tended  to  keep  together 
better  than  younger  birds.  He  was  of  the  opinion  that  how  soon  they 
joined  wild  coveys  was  reflected  in  distances  moved;  the  sooner  they 
joined  the  less  the  movement. 

The  released  quail  in  this  study  contributed  to  annual  harvests  de¬ 
spite  low  returns.  Even  when  expense  and  waste  are  considered  in  pro¬ 
viding  hunting  for  guests  of  the  coal  company,  a  contribution  of  34.4 
percent  (ranges  of  16.5  to  48.7)  to  the  annual  harvest  is  significant. 
However,  only  a  small  segment  of  the  contribution  can  be  considered 
quality  hunting  as  most  released  birds  harvested  were  liberated  10-12 
days  before  the  season  or  on  a  put-and-take  basis.  A  14.1  percent  re¬ 
turn  from  all  releases  cannot  be  considered  a  sound  practice  for  exten¬ 
sive  quail  management.  Probably,  higher  returns  and  higher  quality 
hunting  can  be  expected  with  superior  rearing  techniques,  especially 
for  put-and-take  type  hunting.  But,  this  requires  the  extra  effort 
and  well-planned  facility  not  evidenced  by  those  engaged  in  holding 
and  rearing  quail . 

In  contrast  to  14.1  percent  of  released  bobwhites  in  the  hunter’s 
bag,  42.5  percent  of  the  censused,  wild-bird  population  were  harvested. 
This  was  higher  than  the  overall  harvest  for  entire  states  which  Reeves 
(1954)  believed  to  be  about  25.0  percent  in  Indiana.  Seemingly,  this 
higher  harvest  might  have  been  a  result  of  pen-reared  quail  in  the  popu¬ 
lation.  They  may  have  caused  wild  birds  to  be  more  vulnerable  because 
of  their  general  lack  of  caution.  However,  the  presence  of  entire  coveys 
of  pen-reared  birds  in  1956-1959  might  have  taken  some  pressure  off  wild 
birds  because  the  former  were  easier  to  locate  as  coveys  and  as  singles. 
This  was  especially  true  for  releases  made  10  to  12  days  before  the  sea¬ 
son.  During  the  first  week  or  two  released  birds  tended  to  not  join 
wild  coveys.  However,  after  this  time  92.0  percent  of  the  coveys  from 
which  birds  were  harvested  both  wild  and  pen-reared  quail  were  taken. 

It  is  significant  that  the  ratio  of  wild  to  pen-reared  quail  in  the 
harvest  changed  as  the  season  progressed.  The  first  week  of  the  season, 
liberated  birds  represented  61.0  percent  of  the  bag;  the  second  week 
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44.0  percent;  the  third  week  31.0  percent;  and  the  last  week  16.0  per¬ 
cent.  This  probably  reflected  heavy  loss  of  pen-reared  birds  due  to 
various  factors,  including  hunting. 

It  is  believed  that  hunting  greatly  accelerated  the  rate  of  loss 
of  released  birds.  This  was  a  consequence  of  harassment  by  repeated 
disturbance  and  dispersal  of  coveys.  Such  harassment  may  have  resulted 
in  more  rapid  joining  of  liberated  birds  with  wild  coveys  and  produced 
increased  survival  value;  this  was  possibly  offset  by  mortality  result¬ 
ing  from  break-up  of  coveys.  Dispersed,  isolated,  released  quail  showed 
little  caution  when  attempting  to  reassemble  with  coveys;  there  was  ex¬ 
cessive  calling,  wandering,  and  a  complete  disregard  for  self-protection 
as  observed  by  Pierce  (1951) .  It  seems  likely  that  the  presence  of  pen- 
reared  quail  increased  predatory  pressure  on  wild  quail. 

Quail  liberated  September  or  earlier  contributed  to  the  total  har¬ 
vest  even  though  the  percent  of  return  was  only  4.1  to  15.3.  They 
yielded  31.0  percent  and  23.9  percent  of  the  total  harvest  in  1954  and 
1955,  respectively.  Further,  these  releases  provided  quality  hunting. 
The  intensity  of  the  hunting  as  well  as  control  of  hunters  was  important 
in  these  results.  Therefore,  one  cannot  anticipate  similar  experience 
in  the  absence  of  these  conditions. 

Although  the  contribution  of  spring  releases  cannot  be  determined 
as  no  reproduction  was  recorded,  only  1  of  243  adults  was  harvested  the 
following  fall.  Further,  only  two  birds  of  any  summer  and  fall  releases 
were  harvested  the  following  hunting  season. 

This  study,  as  well  as  those  referenced  and  the  summarization  of 
restocking  by  Buechner  (1950) ,  fail  to  support  artificial  propagation 
as  an  acceptable  practice  in  a  state-wide  quail  management  program. 

There  is  no  evidence  to  support  it  biologically;  and,  certainly  it  is 
a  clear  misuse  of  state  funds.  Where  private  individuals  or  groups  can 
afford  ill-advised  expenditures  and  tolerate  low  return  of  releases 
and/or  accept  low  quality  hunting,  a  contribution  to  hunter  harvest  may 
be  experienced.  But,  no  state  can  justify  use  of  taxes  or  license  fees 
to  support  the  release  of  any  wildlife  into  habitats  either  not  suitable 
or  already  at  the  limit  of  carrying  capacities.  Most  quail  habitat  in 
Illinois  is  at  the  limit  of  its  carrying  capacity;  and,  each  year  this 
is  probably  a  little  less  than  the  year  before.  Current  land-use  prac¬ 
tices  which  emphasize  mono-agriculture,  large  fields,  fall  preparation 
for  spring  planting,  double  cropping,  reduced  idle  areas,  and  improved 
pasture  land  eliminate  suitable  habitats  for  wildlife  of  low  mobility 
and  occupants  of  the  "edge."  The  single  answer  to  declining  quail  popu¬ 
lations  is  habitat  restoration;  but,  this  is  probably  possible  for  only 
intensively  managed  public-owned  areas.  These  are  too  few  and  too  dis¬ 
persed  to  make  a  significant  contribution  state-wide.  It  is  inevitable 
that  quail  populations  will  continue  to  decline  in  numbers  as  since  the 
late  1800’s.  State-wide  efforts  in  habitat  restoration  and  management 
can  reduce  little  the  rate  at  which  this  decline  occurs,  because  private 
enterprise  provides  little,  if  any,  accommodation  for  such  activities. 
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SUMMER  FOODS  OF  THE  DIAMOND-BACKED  WATER  SNAKE  (NATRIX 
RHOMBIFERA) ,  FROM  REELFOOT  LAKE,  TENNESSEE 


John  B.  Hess-*-  and  W.  D.  Klims tra 
Cooperative  Wildlife  Research  Laboratory 
Southern  Illinois  University,  Carbondale  62901 


ABSTRACT ;  Food  items  of  72  Natrix  rhombifera  from  Reel- 
foot  Lake,  Tennessee,  consisted  almost  entirely  of  fish 
(98.5  percent  by  volume),  with  sunfish  (Centrarchidae) 
and  silversides  (Atherinidae)  accounting  for  about  50 
percent  of  the  volume . 


INTRODUCTION 


Previously  reported  studies  of  the  food  habits  of  Natrix  rhombifera 
(Hallowell)  involved  specimens  from  near  the  western  edge  of  the  species’ 
range  (Smith  1961)  .  Our  investigation  included  an  area  in  the  northeast¬ 
ern  part  of  the  range  with  a  fauna  substantially  different  from  that  re¬ 
ported  by  Sisk  and  McCoy  (1964)  and  Bowers  (1966)  .  Hopefully,  this  study 
would  reveal  the  summer  diet  of  this  species  as  well  as  indicate  if  dif¬ 
ferences  in  available  fauna  influenced  food  utilization. 


MATERIALS  AND  METHODS 


Seventy-two  N.  rhombifera  were  captured  along  the  shore  of  Reelfoot 
Lake  during  July,  August,  and  September,  1965.  Collections  were  made 
shortly  after  dark  when  feeding  activity  of  Natrix  is  at  its  peak  (Cagle 
1937,  Diener  1957).  Snakes  were  chilled  in  an  ice  chest  immediately 
after  capture  and  maintained  at  low  temperature  for  3  to  4  hours  until 
sacrificed  by  freezing.  Each  snake  was  stored  in  a  plastic  bag  in  a 
freezer  until  analysis  of  digestive  tracts  6  months  later.  Volumes  of 
items  were  determined  by  water  displacement.  Items  less  than  0.1  ml  were 
recorded  as  trace  (T) .  Frequencies  of  occurrence  were  calculated  for  both 
stomach  and  intestinal  contents.  Because  hard  objects  (e.g.,  chitinous 
exoskeletons,  teeth,  etc.)  may  remain  in  intestines  for  extended  periods 
(Neill  and  Allen  1956)  ,  we  recorded  these  because  they  might  indicate 
foods  seldom  taken. 


^Present  address:  Department  of  Biology,  Central  Missouri  State 
University,  Warrensburg  64093. 
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Table  1.  Items  from  the  stomachs  of  64  N.  rhomb if era,  Reelfoot  Lake, 
Tennessee.  T  =  trace. 


Item 

%  Vol . 

%  Freq. 
Occurrence 

Fish 

98.5 

93.7 

Centrarchidae 

24.7 

53.1 

Lepomis  (sunfishes) 

15.5 

39.0 

Micropterus  (basses) 

6.4 

14.0 

Pomoxis  (crappies) 

T 

1.6 

Atherinidae 

Menidia  audens 

(Mississippi  silversides) 

23.2 

76.6 

Serranidae 

Roccus  chrysops  (white  bass) 

12.5 

6.2 

Cyprinidae  (minnows) 

11.4 

6.2 

Clupeidae 

Dorosoma  cepedianum 

11.8 

3.1 

(gizzard  shad) 

Ictaluridae 

Ictalurus  (bullheads) 

7.7 

10.9 

Cyprinidontidae 

Fundulus  notatus 

(blackstripe  topminnow) 

0.6 

1.6 

Poeciliidae 

Gambusia  af finis 

T 

1.6 

(mosquito  fish) 


Miscellaneous 

• 

Insects 

T 

18.7 

Chironomidae  (midges) 

T 

3.1 

Culicidae  (mosquitoes) 

T 

1.6 

Corixidae  (water  boatmen) 

T 

6.2 

Snails 

T 

1.6 

Vegetation  (grasses,  algae, 
leaves,  duckweed) 

0.3 

21.9 

Inorganic 

T 

6.2 
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RESULTS  AND  DISCUSSION 


We  found  a  high  percentage  (98.5  percent  by  volume)  of  fishes 
(Table  1)  with  Centrarchidae  and  Atherinidae  of  principal  importance. 
These  two  families  represented  nearly  50  percent  of  the  foods  by  volume 
and  occurred  in  more  than  80  percent  of  digestive  tracts  containing  food. 
Other  investigators  (Sisk  and  McCoy  1964,  Bowers  1966,  Cagle  1937)  have 
reported  fishes  as  the  primary  foods  of  N_.  rhomb  if  era. 

The  absence  of  some  vertebrates  commonly  part  of  the  diet  of  water 
snakes  in  general  and  N.  rhombifera  in  particular  was  of  interest.  In 
our  study  amphibians  were  conspicuously  absent.  In  contrast  stomachs 
of  N.  rhombifera  collected  in  commercial  minnow  ponds  in  Texas  yielded 
63  percent  anurans  by  volume  (Bowers  1966) .  Anurans  also  comprised  about 
8  percent  of  the  diet  by  volume  in  an  Oklahoma  study  (Sisk  and  McCoy 
1964) .  The  absence  of  anurans  in  our  study  may  reflect  their  scarcity 
as  only  one  toad  (Buf o  sp.)  was  noted  when  collecting  and  no  larvae  were 
seen. 


Teeth  of  a  bat  (unknown)  were  found  in  the  intestine  of  one  snake. 

Its  presence  in  a  largely  piscivorous  snake  is  of  interest.  Herreid 
(1961)  suggested  that  bats  may  collide  with  one  another  or  with  project¬ 
ing  objects;  and,  that  immature  bats  may  be  on  the  ground  before  capable 
of  strong  flight.  During  one  collecting  trip,  a  live  red  bat  (Lasiurus 
borealis)  was  found  along  the  shore. 

Sisk  and  McCoy  (1964)  reported  that  N.  rhombifera  will  take  mam¬ 
mals  and  even  bird  eggs  and  Cagle  (1937)  recorded  turtle  remains.  Car¬ 
rion  may  be  commonly  taken  as  during  our  collection  trips  individuals 
were  observed  gorging  on  fish  remains  discarded  by  fishermen. 

Miscellaneous  items  in  intestines  included  debris,  pebbles,  duck¬ 
weed,  aquatic  insects,  and  snake  teeth.  Some  of  these  were  probably  in¬ 
gested  while  feeding  on  selected  food  items.  The  remains  of  aquatic  in¬ 
vertebrates  probably  reflected  secondary  ingestion  (e.g.,  released  into 
the  lumen  from  digested  prey)  as  fragments  were  usually  found  with  remains 
of  fishes  known  to  feed  on  those  forms  (Rice  1942).  However,  N.  rhombifera 
may  take  invertebrates  as  both  Bowers  (1966)  and  Sisk  and  McCoy  (1964)  re¬ 
ported  crayfish.  The  teeth  were  thought  a  result  of  the  natural  shedding 
process.  Although  Brown  (1958)  reported  cannibalism  in  N.  sipedon,  this 
was  not  indicated  in  our  study. 

The  diet  of  N.  rhombifera  is  variable,  probably  being  altered  con¬ 
siderably  with  changes  in  food  availability.  Our  study  did  not  support 
Bowers’  (1966)  findings  in  Texas.  Studying  snakes  from  a  commercial 
minnow  pond  when  golden  shiners  (Notemigonus  crysoleucas)  were  raised, 
Bowers  noted  extensive  consumption  of  anurans  (63  percent) .  The  rest 
of  their  diet  was  largely  of  yellow  bullheads  (Ictalurus  natalis) .  The 
absence  of  golden  shiners  in  the  diet,  though  abundant,  may  reflect 
their  agility  and  tendency  to  remain  in  deeper  water. 
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RAPID  METHOD  FOR  DEMONSTRATING  CELL  SURFACES 
OF  BACTERIA  USING  PHASE  CONTRAST  MICROSCOPY 
M.  E.  Neville  and  J.  G.  Holt 

Department  of  Biological  Sciences,  Illinois  State  University,  Normal, 
Illinois  61761  and  Iowa  State  University,  Ames,  Iowa  50010 


ABSTRACT  —  A  new  method  is  suggested  for  demonstrating 
the  cell  surface  of  bacteria.  A  cationic,  surface- 
active  agent,  cetylpyridinium  chloride,  and  phase  con¬ 
trast  optics  are  required. 


The  most  commonly  employed  technique  for  staining  bacterial  cell 
walls  for  light  microscopy  is  Dyar's  method  (1947)  which  uses  a  cationic 
surface-active  agent,  Dyar's  procedure  involves  positively  charging  the 
cell  surface  with  a  cationic  agent,  cetylpyridinium  chloride  (CPC) ,  and 
then  staining  the  cells  with  an  acid  dye,  Congo  red.  The  cytoplasm  can 
be  differentiated  by  counterstaining  with  a  contrasting  basic  dye  such 
as  methylene  blue.  Best  results  for  this  technique  are  achieved  when 
the  cells  are  fixed  for  three  minutes  in  osmium  tetroxide  prior  to 
staining.  Subsequent  staining,  washing,  and  mounting  take  at  least  an 
additional  five  minutes.  It  would  be  convenient  to  have  a  technique 
that  would  be  quicker  and  safer  than  Dyar's  procedure,  but  still 
demonstrate  the  cell  wall. 


MATERIALS  AND  METHODS 


The  bacteria  for  this  study  were  grown  on  Tryptic  Soy  Agar  (Difco) 
at  37  C,  and  with  the  exception  of  Bacillus  subtilis  in  Figure  2c,  18- 
hour  cultures  were  employed.  An  American  Optical  Phasestar  microscope 
with  a  97x  dark  high  (positive)  phase  contrast  objective  was  used  for 
all  photomicrographs  in  Figure  2;  the  same  microscope  with  all  phase 
rings  removed  from  the  condenser  and  a  97x  achromatic  bright-field  oil 
immersion  objective  (conventional  light  microscopy)  was  used  for  Figure 
1.  Photomicrographs  were  prepared  with  Kodak  High  Contrast  Copy  film. 

The  procedure  for  preparing  slides  for  observation  is  as  follows* 

(1.)  Suspend  cells  from  a  solid  medium  in  one  drop  of 
0.01  M  cetylpyridinium  chloride  (0.34  %  w/v) . 

(2.)  Place  a  coverslip  over  the  suspension. 

(3.)  Observe  using  positive  (dark)  phase  contrast  optics. 
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RESULTS  AND  DISCUSSION 


Representative  results  of  bacteria  treated  by  this  method  are 
shown  in  Figure  2j  a  bright-field  photomicrograph  of  a  culture  prepared 
by  Dyar's  technique  is  shown  in  Figure  1  for  comparison. 

The  method  suggested  here  takes  seconds  to  prepare,  utilizes  only 
the  surface-active  agent  of  Dyar's  stain,  and  does  not  require  fixing 
the  cells,  hence  eliminating  the  toxic  osmium  tetroxide.  An  explanation 
for  this  technique  may  be  that  the  positively-charged  quaternary  com¬ 
pound  is  attracted  to  the  bacterial  surface,  and  either  the  pyridine 
nucleus  or  the  long  aliphatic  carbon  chain  (or  both)  of  the  cetylpyri- 
dinium  chloride  causes  a  phase  shift.  In  other  words,  the  quaternary 
compound  combining  with  the  bacterial  surface  causes  an  exaggerated 
phase  difference,  and  this  can  be  observed  as  a  darkened  outline  around 
the  cell. 

This  is  a  rapid  technique  for  demonstrating  cell  surfaces,  and  the 
availability  of  phase  contrast  microscopes  makes  this  technique  feasible 
The  method  works  almost  as  well  with  Gram-negative  organisms  as  it  does 
with  Gram-positives,  and  the  results  of  demonstrating  the  cell  surface 
are  more  consistent  than  those  using  Dyar's  method.  The  ease  of  prepa¬ 
ration  and  the  ability  of  the  technique  to  demonstrate  cell  septa  in 
addition  to  exposed  cell  surfaces  make  this  an  appropriate  method. 


LITERATURE  CITED 
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Figure  1.  Dyar's  cell  wall  stain  of  Bacillus  subtil is  as  viewed  by 

bright-field  light  microscopy. 

Figure  2.  Positive  phase  contrast  photomicrographs  of  bacteria  treated 

by  the  method  suggested  here, 
a  Pseudomonas  sp. 
b  Escherichia  coli 

c  Bacillus  subtilis  second  generation  cells  (4  hours) ;  one 

pair  of  cells  attached  to  endospore  coat, 
d  Bacillus  megaterium 
e  Staphylococcus  aureus 

Bars  represent  1  ;im  in  all  photomicrographs. 
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SOME  WATER  QUALITY  ASPECTS  IN  A  NASCENT  IMPOUNDMENT  IN  CENTRAL  ILLINOIS 

V.  Kothandaraman  and  Ralph  L.  Evans 
Illinois  State  Water  Survey 
Water  Quality  Section,  Box  717,  Peoria  61601 


ABSTRACT 


A  detailed  3-year  study  was  performed  to  delineate 
the  water  quality  aspects  of  the  newly  created  Lake 
Evergreen.  Some  physical  and  chemical  characteristics 
of  the  impoundment  and  its  major  tributary,  Six-Mile 
Creek,  are  examined.  An  effort  to  detect  significant 
relationships  between  the  waters  of  a  free-flowing 
stream  and  the  impoundment  of  the  waters  was  not  pro¬ 
ductive.  Dissolved  oxygen  stratification  suggests 
that  man-made  impoundments  may  be  'old,'  limnologi¬ 
cal  ly  speaking,  from  the  day  of  their  creation. 

INTRODUCTION 


Impoundment  as  a  water  resources  management  tool  is  an  age  old 
process.  With  an  increasing  awareness  of  the  importance  of  water 
quality  aspects,  quality  and  quantity  considerations  have  become  an 
integral  part  of  water  resources  planning  and  management.  Conse¬ 
quently,  a  knowledge  of  the  physical,  chemical,  and  biological 
changes  which  accompany  an  impoundment  is  invaluable.  Limnological 
studies  in  large  natural  and  man-made  lakes  and  reservoirs  have 
been  extensive.  However,  systematic  studies  on  small  impoundments, 
particularly  in  their  very  early  periods  of  existence  have  been 
very  few.  Lake  Evergreen,  situated  in  central  Illinois,  provided 
an  opportunity  to  perform  such  an  investigation. 


LAKE  EVERGREEN 

The  lake  is  located  10  miles  north  of  Bloomington,  Illinois.  It 
was  created  by  damming  Six-Mile  Creek  where  it  flows  northward  into 
the  Mackinaw  River.  The  dam  was  closed  in  January  1971  and  the  impound¬ 
ment  reached  the  spillway  level  during  the  first  week  of  January  1972. 
Trees  and  shrubs  were  cleared  from  the  lake  bottom  but  all  of  the  herb¬ 
aceous  growth  were  disked  under  during  the  fall  season  preceding  the 
closure  of  the  dam. 

The  topography  of  the  watershed  is  characterized  by  gently  rolling 
uplands  with  slopes  leading  to  the  shoreline  unlike  the  flat  open  farm 
land  of  the  surrounding  region.  There  are  no  industries  in  the  water¬ 
shed  and  the  village  of  Hudson  with  a  population  of  about  802  is  the 
only  community  within  the  watershed.  Household  septic  tanks  are  used 
for  liquid  waste  disposal  in  this  community. 
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TABLE  1.  Physical  Features  of  Lake  Evergreen  and  Six-Mile  Creek 


Lake  Evergreen 

Spillway  elevation  ( feet  mst)  715 

Area  at  spillway  level  (acres)  700 

Volume  at  spillway  level  (in  millions  of  gallons)  3,950 

Depth 

Maximum  (feet)  48 

Average  (feet)  17 

Theoretical  detention  time  at  mean  flow  (days)  172 

Six-Mile  Creek 

Total  length  of  stream  (miles)  15.0 

Average  velocity  (fps)  0.1 

Average  depth  (feet)  1 . 2 

Discharge  for  years  1970-1973 

Minimum  (cfs)  0.3 

Maximum  (cfs)  165.0 

Mean  (cfs)  35.5 

Watershed 

Area  (square  mites)  40.2 

Land  use  (in  percent) 

Row  crops  87 

Small  grains  1 

Alfalfa  1 

Pasture  2 

Other  9 


The  impoundment  is  primarily  a 
supplementary  water  supply  reservoir 
for  the  city  of  Bloomington.  The 
primary  source,  Lake  Bloomington,  is 
located  about  6  miles  directly  east 
of  Lake  Evergreen.  Other  pertinent 
information  on  the  lake,  its  major 
tributary,  and  the  watershed  are 
given  in  Table  1 .  Configuration  of 
the  lake  and  water  sampling  locations 
are  shown  in  Figure  1. 
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FIELD  AND  LABORATORY  PROCEDURES 


Water  samples  were  obtained  once  every  two  weeks  from  the  three 
stations  marked  A,  B,  and  C  in  Figure  1.  At  station  A,  the  deepest 
portion  of  the  lake,  observations  were  made  for  dissolved  oxygen  (DO) 
and  temperature.  Samples  were  also  obtained  for  mud-water  interface 
examinations,  but  this  aspect  will  not  be  discussed  in  this  report. 

At  station  B  (Lake  Station),  water  samples  were  obtained  at  three 
locations  (surface,  mid-depth,  and  deep)  for  physical  and  chemical 
characterization  and  for  algae  identification  and  enumeration.  Sampl 
obtained  at  station  C  (Six-Mile  Creek)  were  for  assessing  water  qual¬ 
ity  under  free-flowing  conditions. 

Temperature  and  DO  were  measured  in  situ  using  a  Yellow  Springs 
Instrument  Model  54.  Turbidity  was  measured  using  an  Evelin  Colori¬ 
meter.  Total  and  soluble  iron  were  determined  using  the  ortho- 
phenanthroline  method.  All  other  analyses  were  performed  according 
to  Standard  Methods . 1 

Facilities  for  recording  the  streamflow  of  Six-Mile  Creek  on  a 
routine  basis  did  not  exist.  Stream  discharges  were  estimated  using 
concurrent  daily  flow  records  for  the  close-by  Money  Creek  near 
Towanda  and  the  East  Branch  of  Panther  Creek  at  El  Paso. 

The  water  quality  data  for  Six-Mile  Creek  covers  the  41-month 
period  extending  from  June  30,  1970  to  December  6,  1973;  data  for 
Lake  Evergreen  covers  the  32-month  period  from  March  31,  1971  to 
December  6,  1973. 


RESULTS  AND  DISCUSSION 


Temperature  and  Dissolved  Oxygen.  The  temporal  variations  of 
temperature  and  dissolved  oxygen  in  the  free-flowing  section  of 
Six-Mile  Creek  are  shown  in  Figure  2.  Similar  plots  for  the  Lake 
Station  at  the  surface,  mid-depth,  and  deep  locations  are  also  shown 
in  Figure  2.  At  all  of  these  locations,  the  temporal  variations  in 
temperature  exhibit  an  annual  cyclic  trend.  Each  plotted  point  rep¬ 
resents  a  single  observation  obtained  during  the  early  part  of  the 
day  instead  of  being  an  average  of  several  observations  during  the 
day.  This  probably  accounts  for  the  scatter  of  the  observed  data 
from  the  usual  sinusoidal  fit.  The  scatter  seems  to  be  the  greatest 
at  the  Six-Mile  Creek  location  and  progressively  decreases  at  the 
Lake  Station  surface,  mid-depth,  and  deep  points  of  observation. 

The  temperature  data  for  Six-Mile  Creek  and  the  Lake  Station 
locations  were  subjected  to  a  harmonic  analysis,  the  mechanics  of 
which  can  be  found  elsewhere.2  The  results  are  presented  in  Table  2. 
The  results  of  similar  analysis  of  temperature  data  for  a  water  depth 
of  2  feet  in  Lake  Bloomington2  are  also  included. 

The  annual  mean  temperatures  and  the  amplitude  of  annual  cyclic 
variations  are  similar  from  year  to  year  at  corresponding  locations. 
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Figure  2.  Temperature  and  DO  variations  in  Six-Mile  Creek  and  at 
the  surface 3  mid—depth3  and  deep  locations  of  Lake  utation . 
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TABLE  2.  Comparison  of  the  Results  of  Harmonic  Analysis 

of  Temperature  Data 

[temperature  in  degrees  C) 

Percent 

variance 

accounted 

Standard  for  by 

Annual  mean  error  of  Coefficient  of  first 

temperature  Amplitude  estimate  correlation  harmonic 


Lake  Station 

1972 


Surface 

13.1 

11.8 

2.7 

0.95 

90.3 

Mid-depth 

12.5 

11.0 

2.6 

0.95 

90.3 

Deep 

11.0 

8.7 

1.9 

0.96 

92.2 

1973 

Surface 

15.3 

12.3 

1.7 

0.98 

96.0 

Mid-depth 

14.3 

11.7 

1.7 

0.98 

96.0 

Deep 

12.7 

9.4 

2.1 

0.96 

92.2 

Six-Mile  Creek 

1971 

13.1 

13.1 

2.8 

0.96 

92.2 

1972 

13.9 

12.7 

3.0 

0.95 

90.3 

1973 

14.1 

12.3 

3.1 

0.94 

88.4 

Lake  Bloomington 

1966 

13.2 

12.3 

1.8 

0.98 

94.6 

The  observed  temperature  data  for  Lake  Bloomington  gave  a  better  fit 
with  the  teoretical  sinusoidal  curve  compared  with  the  surface  and 
mid-depth  data  for  Lake  Evergreen  as  shown  by  the  standard  error  of 
estimate.  In  the  case  of  Lake  Bloomington,  even  though  each  data 
point  in  the  analysis  represents  a  single  observation  for  the  day, 
there  were  twice  as  many  observations  in  a  year  than  for  Lake  Ever¬ 
green.  This  again  confirms  the  general  statistical  axiom  that  the 
larger  the  sample  size  the  better  the  results.  For  the  same  reason, 
the  coefficient  of  correlation  and  percent  of  total  variance  in  the 
temperature  record  accounted  for  by  the  annual  harmonic  cycle  are 
higher  for  Lake  Bloomington. 

The  annual  mean  temperatures  in  °C  for  the  Lake  Station  at  the 
surface,  mid-depth,  and  deep  locations  for  the  year  1972  were  13.1, 
12.5,  and  11.0,  respectively.  Those  for  the  year  1973  were  15.3, 

14.3,  and  12.7,  respectively,  showing  a  progressive  decrease  with 
increasing  depth.  A  similar  trend  was  observed  for  Lake  Bloomington.2 

Figure  3  shows  the  isotherms  at  the  deep  station  for  the  years 
1972  and  1973.  The  lake  began  to  thermally  stratify  during  the  first 
week  of  May  and  became  completely  destratified  by  the  middle  of  Octo¬ 
ber.  The  stratification  of  the  lake  extended  for  a  period  of  about 
5  1/2  months.  Isotherms  at  Station  1  of  Lake  Bloomington  for  the 
year  1966  had  similar  patterns  that  existed  only  for  a  period  of  4 
months,  from  early  June  until  late  September. 
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Figure  3.  Lake  Station  (deep)  isotherms  for  (a)  1972 
and  (b)  1973 3  no  isopleths  (c) . 
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It  has  been  found  that  the  surface  water  temperatures  of  impound¬ 
ments  in  similar  geographical  locations  and  subjected  to  similar  meteo¬ 
rological  conditions  are  comparable.  Consequently,  the  temperature 
data  in  one  impoundment  can  be  successfully  employed  in  another.  A 
similar  notion  for  free-flowing  waters  was  suggested  and  substantiated 
by  Kothandaraman . 3 

Figure  2  also  shows  the  temporal  variations  of  DO  at  the  Six-Mile 
Creek  and  Lake  Station  locations.  The  DO  level  in  the  Six-Mile  Creek 
was  found  to  be  high  and  often  times  supersaturated.  Excluding  6 
observations  out  of  60  with  a  percent  saturation  less  than  80,  other 
observations  ranged  from  80.4  to  216.6  percent.  The  DO  levels  at  the 
surface  of  the  Lake  Station  were  also  high  and  exhibited  characteris¬ 
tics  similar  to  that  for  Six-Mile  Creek.  However,  the  inverse  rela¬ 
tionship  between  temperature  and  DO  is  pronounced.  Similar  trends 
are  obvious  at  the  other  two  locations  of  the  Lake  Station. 

Figure  3c  shows  DO  isopleths  for  1973.  Surprisingly,  dissolved 
oxygen  was  depleted  in  the  hypolimnetic  zone.  For  all  practical  pur¬ 
poses  all  waters  of  the  lake  below  the  18  foot  depth  were  devoid  of 
oxygen  during  July  and  August.  This  is  characteristic  of  old  lakes 
suggesting  that  man-made  lakes  are  eutrophic  from  their  formation. 
Decaying  vegetation  on  the  floor  of  the  impoundment  is  an  important 
factor  in  the  oxygen  depletion  during  the  very  early  life  of  the 
impoundment . 

Turbidity.  Because  of  the  intensive  farming  in  the  drainage  basin 
turbidity  in  the  Six-Mile  Creek  is  usually  high.  Figure  4  shows  the 
distribution  of  observed  turbidities  in  Six-Mile  Creek,  Lake  Station 
surface,  and  Lake  Station  deep.  The  median  of  the  observed  values  for 
turbidity  in  the  creek  is  about  34  compared  to  a  value  of  6  in  the 
Lake  Station  surface  and  mid-depth  locations  and  a  value  of  about  10 
in  the  Lake  Station  deep  location.  The  benefits  of  impoundment  from 
this  aspect  of  water  quality  are  marked. 

Wang  and  Evans4  reported  an  excellent  correlation  in  linear  rela¬ 
tionships  between  turbidity  and  other  chemical  parameters  like  partic¬ 
ulate  iron,  silica,  and  phosphate,  for  the  Peoria  Pool  of  the  Illinois 
River.  Correlation  analysis  between  turbidity  as  the  independent  vari¬ 
able  and  total  iron,  silica,  and  manganese  as  dependent  variables  were 
carried  out  using  the  data  for  Six-Mile  Creek,  and  the  three  Lake  Sta¬ 
tion  locations.  Linear,  exponential,  and  geometric  forms  of  relation¬ 
ship  were  investigated.  Significant  correlation  was  found  to  exist 
only  between  turbidity  and  total  iron.  Linear  relationship  of  the 
form  y  =  mx  +  a  was  found  to  give  the  best  results.  The  results  shown 
in  Table  3  suggest  that  relationships  between  turbidity  and  total  iron 
in  Six-Mile  Creek  and  Lake  Station  deep  are  well  correlated. 

Chloride ,  Sulfate ,  Hardness ,  and  Total  Dissolved  Solids .  The  tem¬ 
poral  variations  of  chloride  and  sulfate  in  Six-Mile  Creek  are  shown  in 
Figure  5.  There  is  no  discemable  pattern  of  variations,  either  season 
al  or  otherwise  for  these  constituents.  They  can  be  visualized  as  vary 
ing  randomly  about  a  mean  value.  Fluctuations  of  sulfate  are  moderate 
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Six-Mile  Creek 
Lake  Station 
Surface 
Mid -depth 
Deep 


TABLE  3.  Results  of  Correlation  Analysis 
between  Turbidity  and  Total  Iron 

Ordinate 

intercept  Slope 

1.425  0.0244 


Coefficient  of 
correlation 


0.134 

0.428 

0.118 


0.0395 

0.0010 

0.0420 


0.86 

0.61 

0.07 

0.92 


0.01  0.1  1  2  5  10  20  40  60  80  90  95  99  99.99 

PERCENT  OF  TIME  LESS  THAN  OR  EQUAL  TO 

Figure  4.  Cumulative  probability  distribution  of  turbidity 
in  Six-Mile  Creek  and  Lake  Station  (surface  and  deep). 


compared  to  chloride.  Two  unusually  high  peaks  were  observed  for  chlor¬ 
ide  in  the  year  1971.  Two  similar  peaks,  though  not  of  same  magnitude, 
were  again  observed  for  chloride  in  the  years  1972  and  1973.  The  flow 
in  the  creek  when  these  peaks  occurred  was  essentially  a  baseflow  with 
a  rate  of  about  0.5  cfs  in  1971  and  about  1.5  cfs  in  1972.  These  high 
chloride  concentrations  were  drastically  reduced  immediately  after 
rainfall  when  the  streamflow  increased.  The  high  chloride  concentra¬ 
tions  are  reflective  of  either  the  soil  characteristics  of  the  drainage 
basin  or  of  some  factor  caused  by  agricultural  activities,  particularly 
in  cattle  raising  where  salt  blocks  are  used  extensively.  Road  salting 
operations  cannot  be  the  source  for  these  elevated  chloride  concentra¬ 
tions  in  the  creek.  A  comparison  of  the  chloride  and  hardness  determin¬ 
ations  indicated  an  association  did  not  exist  thus  suggesting  the  chlor¬ 
ide  source  was  sodium  chloride. 


The  yearly  mean  and  the  range  of  values  in  each  year  for  hardness, 
chloride,  sulfate,  and  total  dissolved  solids  (TDS)  for  Six-Mile  Creek 
are  shown  in  Table  4.  The  sulfate  to  chloride  ratio  failed  to  indicate 
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TABLE  4.  Water  Quality  Data  for  Six-Mile  Creek 
and  the  Three  Lake  Evergreen  Station  Locations 

Tempera- 


ture 

cn 

DO 

{mg /l) 

Hardness 

{mg /l) 

Chloride 
{mg /l) 

Sulfate 

{mg /l) 

TDS 
{mg /l) 

Six-Mi  le 

Creek 

1970* 

Mean 

17.7 

9.1 

351 

29.7 

84.9 

481 

Range 

2.6-28.7 

5.0-13.5 

274-410 

21.8-490 

74.0-109 

378-526 

1971 

Mean 

14.4 

10.5 

377 

84.1 

76.8 

548 

Range 

0.2-28.5 

6.3-14.3 

295-448 

16.0-223 

55.7-177 

422-825 

1972 

Mean 

11.4 

10.8 

342 

27  A 

70.4 

429 

Range 

0.3-29.5 

4.1-15.4 

212-460 

13.0-60.8 

45.5-83.5 

260-500 

1973 

Mean 

14.9 

9.5 

322 

19.8 

63.6 

418 

Range  1.4-30.7  5.9-15.4 

Flow  weighted  average 

212-393 

12.0-75.5 

45.5-77.8 

260-532 

for  entire  record 

Lake  Station 3  surface 

343 

26.5 

71.4 

458 

1971** 

Mean 

15.7 

8.8 

264 

21.8 

57.9 

336 

Range 

3.4-26.9 

6.5-13.9 

244-296 

20.1-23.0 

53.1-68.3 

293-383 

1972 

Mean 

13.0 

9.8 

265 

21.4 

60.2 

328 

Range 

1.5-28.0 

6.2-15.3 

236-328 

19.7-23.2 

52.2-64.2 

268-380 

1973 

Mean 

14.9 

9.7 

245 

14.6 

49.7 

288 

Range  1.2-28.2  5.5-13.7 

Lake  Station 3  mid-depth 

138-298 

9.8-19.6 

30.8-60.1 

183-360 

1971** 

Mean 

17.1 

8.2 

264 

21.6 

57.8 

341 

Range 

3.1-26.3 

5.1-12.7 

252-295 

20.1-24.0 

39.1-66.0 

306-397 

1972 

Mean 

11.9 

8.2 

268 

21.0 

59.7 

329 

Range 

1.5-26.0 

1.6-13.7 

240-304 

16.8-23.2 

52.2-64.0 

275-369 

1973 

Mean 

15.7 

7.4 

252 

14.8 

50.3 

295 

Range  1.9-26.2 

Lake  Station 3  deep 

1.3-13.7 

216-304 

11.2-19.6 

43.5-63.7 

239-360 

1971** 

Mean 

15.1 

6.3 

265 

21.5 

54.5 

322 

Range 

3.1-22.4 

0.5-17.4 

251-291 

19.0-24.0 

49.6-65.8 

293-391 

1972 

Mean 

10.6 

5.8 

277 

21.1 

58.2 

338 

Range 

1.5-19.8 

0.4-12.9 

250-314 

19.7-22.6 

53.5-62.3 

289-386 

1973 

Mean 

14.1 

6.1 

253 

14.2 

49.2 

297 

Range 

2.0-23.2 

0.6-13.8 

227-300 

10.2-20.0 

37.8-60.3 

262-363 

*Data  collection  commenced  on  6/30/70 

** Impoundment  closed  January  1971;  reached  spillway  level  January  1972 
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LAKE  STATION,  SURFACE 


Figure  5.  Chloride  and  sulfate  variations  in  Six-Mile  Creek 

and  Lake  Station  (surface). 
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any  trend  in  the  mineral  quality  variations.  The  flow  weighted  average 
for  hardness,  sulfate,  and  total  dissolved  solids  compare  well  with  the 
yearly  arithmetic  mean  values  of  the  observed  concentrations.  That  is 
not  the  case  for  chloride.  Simple  correlation  analyses  were  run  with 
streamflow  rates  in  cubic  feet  per  second  (cfs)  as  the  independent 
variable  (J)  and  chloride,  sulfate,  hardness,  and  total  dissolved 
solids  as  dependent  variables  (7) .  No  functional  relationship  was 
discernable  between  flow  rates  and  either  sulfate,  hardness,  or  total 
dissolved  solids.  The  relationship  between  streamflow  and  chloride 
(in  mg/1)  was  found  to  be  inverse  of  the  form  Y  =  ax b  with  a  correla¬ 
tion  coefficient  of  -0.75.  The  values  of  the  coefficients  were,  a  = 

70 . 66  and  b  =  -0.31. 

A  simple  linear  correlation  analysis  was  also  carried  out  among 
the  four  variables  chloride,  sulfate,  hardness,  and  total  dissolved 
solids.  The  only  significant  correlations  noted  were  between  total 
dissolved  solids  and  hardness,  and  between  total  dissolved  solids 
and  chloride.  The  correlation  coefficients  in  these  cases  were  0.71 
and  0.85,  respectively. 

The  temporal  variations  in  chloride  and  sulfate  at  the  three  Lake 
Station  locations  were  similar.  Observations  for  the  surface  of  the 
Lake  Station  (Figure  5)  is  typical  of  the  other  locations.  Except  for 
one  observation  for  sulfate,  in  all  of  these  locations  at  the  very  early 
stages  of  the  filling  of  the  impoundment,  the  chloride  and  sulfate  con¬ 
centrations  did  not  fluctuate  much.  The  moderating  effect  of  the  im¬ 
poundment  on  wide  fluctuations  in  chloride  and  sulfate  concentrations 
in  the  creek  is  readily  apparent  by  examination  of  Figure  5. 

Mineral  quality  characteristics,  dissolved  oxygen,  and  temperature 
data  for  the  three  Lake  Station  sampling  locations  are  presented  in 
Table  4.  The  mean  values  from  year  to  year  at  each  location  and  among 
the  three  locations  themselves  are  verv  nearly  the  same.  The  range  of 
values  of  these  parameters  is  also  moderate  compared  to  the  corres¬ 
ponding  values  for  the  free-flowing  waters  in  the  Six-Mile  Creek. 

An  attempt  was  made  to  correlate  the  mineral  quality  parameters 
in  Six-Mile  Creek  with  the  corresponding  mineral  quality  parameters 
of  the  Lake  Station  surface.  Linear,  exponential,  and  geometric  forms 
of  relationship  were  tried  treating  the  Six-Mile  Creek  values  as  inde¬ 
pendent  variables.  There  was  practically  no  correlation  between  the 
Six-Mile  Creek  values  and  the  lake  surface  observations.  The  concept 
of  predicting  the  likelihood  of  the  water  quality  of  impounded  waters 
from  knowledge  of  water  quality  data  of  a  free-flowing  stream  is  not 
supported  here. 

An  anomalous  situation  in  Lake  Evergreen  should  be  pointed  out 
here.  The  mean  values  of  chloride,  sulfate,  hardness,  and  total 
dissolved  solids  for  the  Lake  Station  are  all  less  than  the  corre¬ 
sponding  mean  values  and  the  flow  weighted  average  values  for  Six-Mile 
Creek.  Direct  rain  and  snow  precipitation  on  the  lake  surface  is  not 
considered  significant.  The  effect  of  snowmelt  should  have  equal 
bearing  on  streamflow  as  on  the  impounded  waters.  No  rational  expla¬ 
nation  for  this  phenomenon  is  apparent  at  this  time. 
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SUMMARY 


Some  water  quality  aspects  of  Lake  Evergreen,  which  is  in  the  early 
phase  of  its  existence,  were  examined  and  reported  here.  Dissolved 
oxygen  and  temperature  variations  have  annual  cyclic  trends.  The  annual 
temperature  variations  of  Lake  Evergreen  surface  waters  are  similar  to 
those  for  Lake  Bloomington,  located  about  6  miles  east  of  Lake  Evergreen. 
Concentrations  of  several  of  the  chemical  quality  parameters  like  chlo¬ 
ride,  sulfate,  iron,  hardness,  total  dissolved  minerals,  etc.,  were 
found  to  be  less  in  the  lake  than  the  average  values  of  the  same  par¬ 
ameters  under  free-flowing  conditions.  For  Six-Mile  Creek,  flow  was 
found  to  be  reasonably  well  correlated  with  chloride  and  turbidity  in 
the  creek  and  lake  samples  were  highly  correlated  with  total  iron. 

The  development  of  dissolved  oxygen  stratification  to  the  point 
where  an  anoxic  hypolimnion  is  created  is  a  classic  demonstration  of 
an  aging,  eutrophic  lake  system.  Such  a  development  during  the  first 
year  of  Lake  Evergreen’s  existence  suggests  that  the  limnological 
principles  applied  to  natural  systems  may  not  be  applicable  to  man-made 
impoundments . 
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AN  ANCHITHERIINE  HORSE  FROM  THE  MIDDLE 
MIOCENE  OF  NORTHEASTERN  COLORADO 

Edwin  C.  Galbreath 

Department  of  Zoology,  Southern  Illinois 
University,  Carbondale  62901 

Abstract.--  A  fragment  of  lower  jaw  with  some 
deciduous  and  permanent  teeth  is  reported 
from  the  Martin  Canyon  Local  Fauna. 

Miocene  deposits  containing  the  Martin  Canyon  Local 
Fauna  in  Logan  County,  Colorado  have  yielded  little  spec¬ 
tacular  material;  the  specimen  reported  here  is  no  exception. 
After  seven  years  without  finding  more  evidence  I  feel  obli¬ 
gated  to  report  on  the  material  at  hand. 


Anchitherium  sp. 

Referred  specimen.--  No.  P-453,  Zoology  Department, 
Southern  Illinois  University,  Carbondale;  parts  of  lower  jaw 
containing  right  dc,  dml-3,  pm2-m3  and  left  i3,  dc ,  dml-3, 
pm3-m3.  Two  incisors  and  two  fragments  of  the  occipital  bone 
found  near  the  jaw  may  belong  with  this  specimen.  Collected 
in  the  buried  stream  channel  containing  Quarry  A  in  Martin 
Canyon  (Galbreath  1953,  Wilson  1960),  NE%  Sec.  27,  T.  11  N., 
T.  53  W. ,  Logan  County,  Colorado.  Part  of  this  material  is 
illustrated  in  Figure  1. 

Although  badly  damaged,  the  parts  of  the  jaw  were  well- 
enough  bound  together  by  rock,  soil,  and  roots  of  vegetation 
to  assure  association  and  identification  of  the  parts.  In 
preparation  all  teeth  on  the  right  side,  except  the  deciduous 
canine  and  first  molar  were  removed  from  the  jaw  and  cleaned. 

Dimensions . --  Lengths  of  tooth  series  and  anteroposte¬ 
rior-transverse  measurements  of  the  teeth  of  the  right  side 


are  (in  mm):  Lengths: 

dc-dm3 

,  HI 

.  0 ;  dml- 

3,  65. 

0;  p2-m3, 

probably  less  than  130 

• 

dc 

dml 

dm2 

dm3 

il  or  i2 

Anteroposterior : 

6.5 

23.0 

21.9 

21.6 

7.1 

Transverse : 

5.0 

13.9 

15.0 

14.4 

9.3 

p2 

p3 

p4 

ml 

m2 

m3 

Anteroposterior : 

20.0 

21.5 

21.2 

21.1 

21.0 

17. 

Transverse : 

11.5 

12.4 

14 . 0 

16.2 

15.8 

11. 

*Anterior  end  to 

rear  of 

base 

of  entoconid. 
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Figure  1.—  Anchitherium  sp.  No.  P-453,  Zoology  Depart¬ 
ment,  Southern  Illinois  University,  Carbondale.  A,  lingual 
view  of  right  ml;  B,  occlusal  view  of  right  dml-3;  C,  occlusal 
view  of  right  p2-m3;  and  D,  lateral  view  of  right  jaw  with 
dc-dm3  and  ml-2.  Figures  IB  and  1C  have  each  tooth  spaced 
apart  and  oriented  with  the  lingual  side  perpendicular. 


Considering  the  sum  of  the  lengths  of  the  teeth,  possible 
overlap,  and  the  space  occupied  by  the  deciduous  cheek  teeth 
that  were  in  sockets,  I  think  it  is  probable  that  the  p2-4 
series  could  have  had  a  length  near  65  mm.  The  molar  series 
probably  would  not  exceed  65  mm  in  length  if  5  mm  were 
allowed  for  the  missing  part  of  m3. 

Description . --  The  illustration  of  the  deciduous  teeth 
(Fig.  IB)  is  adequate  to  show  the  principal  features  and 
similarity  of  these  teeth  to  the  permanent  teeth. 

The  two  incisors  found  in  the  weathered  matrix  with  the 
jaw  are  either  right  and  left  il  or  i2.  Both  teeth  had 
erupted.  A  left  incisor  (possibly  i3) ,  buried  in  the  jaw 
anterior  to  and  below  the  deciduous  canine,  is  not  far  along 
in  its  development  having  only  a  faint  trace  of  completed 
enamel  on  the  leading  edge  of  the  tooth.  Alveoli  (5  mm  long, 

4  mm  wide,  and  9.5  mm  deep  in  the  left  jaw)  for  right  and 
left  pi  were  separated  from  the  root  of  the  dml  by  less  than 
a  millimeter  of  bone. 

The  permanent  cheek  teeth  nicely  demonstrate  the  sequence 
of  events  in  the  enameling  of  the  crowns  and  the  formation  of 
the  cingula  --  information  that  is  necessary  to  appreciate 
the  description  of  these  teeth.  Vertical,  fluted  ridges  with 
the  appearance  of  dull  enamel  extend  downward  from  the  tips 
of  the  principal  cusps  and  the  hypoconulid;  as  the  formation 
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of  the  ridges  take  place  lower  down  the  upper  part  of  the 
ridges  are  covered  by  solid,  glassy  enamel.  The  completed 
enamel  exhibits,  in  irregular  distribution,  shallow  and  fine 
horizontal  striations  spaced  approximately  four  per  milli¬ 
meter.  Such  striations  are  known  on  the  teeth  of  other  mem¬ 
bers  of  the  Perissodactyla  and,  so  far  as  my  evidence  is 
concerned,  occur  on  permanent  teeth  but  never  on  deciduous 
teeth.  These  striations  are  obviously  a  part  of  the  develop¬ 
mental  process  in  forming  enamel  but  I  have  not  found  refer¬ 
ences  to  striations  in  dental  literature  which  can  confidently 
be  identified  with  these  in  equids. 

None  of  the  premolars  have  the  base  of  the  crown  formed; 
consequently  only  the  medial  part  of  the  anterior  and  poste¬ 
rior  arms  of  the  cingula  are  present.  P2  shows  some  com¬ 
pleted  enamel  on  the  inner  surface  of  the  hvpoconid,  p3  has 
completed  enamel  surface  on  the  tip  of  the  metaconid- 
metastylid  cusp  and  the  tip  of  the  entoconid,  and  p4  has 
completed  enamel  on  the  tips  and  upper  parts  of  the  princi¬ 
pal  cusps  and  the  tip  of  the  hypoconulid.  Ml,  firmly  anchored 
in  the  jaw,  has  crown  and  roots  complete.  The  end  of  the 
roots  are  close  to  the  base  of  the  socket.  Constriction  and 
formation  of  root-tips  had  not  started.  M2,  near  eruption, 
has  a  complete  crown  but  the  roots  are  damaged.  Both  of 
these  molars  have  the  cingulum  encircling  three  sides  of  the 
crown.  The  damaged  m3  has  signs  of  completed  enamel  on  the 
inner  surface  of  the  paraconid  and  tip  of  the  metaconid- 
metastylid  cusp;  although  not  visible  in  the  occlusal  view, 
the  anterior  cingulum  has  started  to  develop. 

In  degree  of  development  the  p2-m3  series  may  be  rated 
5-4-3-1-2-6  with  number  1  being  the  erupted  first  molar  and 
number  6  being  the  third  molar.  This  sequence  of  develop¬ 
ment  is  consistent  for  the  various  parts  of  the  teeth. 

The  lingual  view  of  ml  (Fig.  1A)  shows  the  extent  to 
which  the  tip  of  the  metaconid-metas tylid  cusp  is  divided. 

P3  and  p4  have  their  tips  less  divided  while  the  m2  shows 
only  the  varest  trace  of  a  separation.  P2  and  m3  have 
undivided  tips.  In  all  these  cheek  teeth  the  metaconid- 
metastylid  cusp  is  slender  and  cone-shaped  like  those  in  the 
anchitheriine-hypohippine  line  and  unlike  the  plump  counter¬ 
part  seen  in  parahippine  teeth.  The  entrance  to  the  flexids 
are  open. 

The  collective  evidence  of  these  permanent  teeth  indi¬ 
cate  that  the  lower  teeth  of  this  horse  lacked  cement,  may 
have  an  encircling  cingulum  on  three  sides,  and  almost  com¬ 
plete  union  of  the  metaconid  and  metastvlid  cusps. 

Classification.--  This  specimen  is  referred  to  the  genus 
Anchitherium  on  the  basis  of  size  and  conformation  of  the 
permanent  teeth.  The  cone-shaped  metaconid-metastylid  with 
little  trace  of  separation,  open  flexids,  and  strong,  encir¬ 
cling  cingula  (where  preserved)  on  three  sides  of  each  tooth 
indicate  anchitheriine-hypohippine  affinity.  The  estimated 
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size  of  the  cheek-tooth  series  and  the  size  of  the  completely 
developed  teeth  are  closest  to  those  of  A.  agatense  and  much 
smaller  than  the  corresponding  dimensions  of  Hypohippus 
equinus  (Osborn) .  The  occlusal  pattern  shows  a  close  similar 
ity  of  the  ml-2  to  the  unworn  teeth  of  a  referred  specimen  of 
Hypohippus  af f inus  illustrated  by  Osborn  (Fig.  169,  1918). 
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ABSTRACT 


Woodcock  were  counted  and  observed  on  Stephen  A. 
Forbes  State  Park  and  Sam  Dale  Lake  Conservation  Area, 
south-central  Illinois,  from  1966  to  1973.  Modest 
numbers  of  woodcock  were  recorded  on  the  areas  during 
censuses  conducted  in  March  (x  =  17-6  birds)  and  in 
October  and  November  (x  =  3-3  birds).  Three  woodcock 
nests  were  found  on  Dale  in  March  and  a  brood  of  three 
young  was  observed  on  Forbes  in  May.  However,  no 
woodcock  were  observed  on  either  area  during  the 
summer  and  early  fall.  Mean  weights  of  woodcock 
collected  in  March  1971  were  2lA  grams  for  four 
females  and  157  grams  for  two  males.  Mean  concentra¬ 
tion  of  total  mercury  in  liver  was  O.kb  ppm,  and  that 
of  p,p'-DDE  in  fat  was  7.22  ppm. 

INTRODUCTION 


Little  is  known  of  the  American  woodcock  in  Illinois.  Ford  (1956: 
36-37)  referred  to  the  woodcock  as  a  common  summer  resident  in  the 
Chicago  region  and  reported  finding  approximately  50  nests  from  1910  to 
1933.  However,  the  need  for  quantitative  studies  of  the  avifauna  in 
every  Illinois  county  has  been  emphasized  by  Graber  et  al .  (1970:3). 

The  present  paper  provides  some  observations  of  population  numbers  and 
nesting  habits,  of  body  weight  and  status  of  reproductive  organs,  and  of 
mercury  levels  and  pesticide  residues,  for  woodcock  on  two  multiple-use 
recreational  areas  in  south-central  Illinois. 

METHODS 


Observations  of  woodcock  were  made  on  Stephen  A.  Forbes  State  Park 
(3,100  acres)  in  Marion  County  and  Sam  Dale  Lake  Conservation  Area 
(1,300  acres)  in  Wayne  County.  Topography  on  both  areas  varies  from 
flat  to  steeply  gullied  slopes  along  streams.  Hardwoods  occupy 
approximately  50  percent  of  the  Forbes  area  and  15  percent  of  the  Dale 
area.  A  lake  of  585  acres  is  centrally  located  on  Forbes  and  one  of  200 
acres  is  present  on  Dale.  More  detailed  descriptions  of  these  areas  may 
be  found  in  Ellis  et  al.  (1969:75). 

^Present  address,  Illinois  Department  of  Conservation,  Effingham  62401 . 
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Woodcock  were  counted  during  censuses  for  bobwhites  (Col i nus 
virginianus)  in  early  March  and  again  in  late  October  and  early  November, 
1966-73.  Both  censuses  were  conducted  during  periods  when  woodcock 
migrations  were  at  or  near  their  peaks  in  central  Illinois  (Sheldon 
1967:102,  105).  One  or  two  observers  accompanied  by  one  to  three  bird 
dogs  searched  all  vegetative  cover,  except  large  blocks  (>10  acres)  of 
timber,  that  was  thought  capable  of  concealing  bobwhites.  Nests  were 
found  by  searching  the  immediate  vicinity  of  flush  sites  of  woodcock 
during  the  March  censuses. 

Six  woodcock  were  collected  (shotgun)  on  the  areas  during  March 
1971.  After  the  body  weights  of  these  birds  were  determined,  the  ovary 
or  both  testes  were  excised  and  weighed.  Samples  of  liver,  breast  muscle 
(pectoral  is  thoracica),  and  fat  were  removed  from  the  birds  and  analyzed 
for  total  mercury  or  for  residues  of  chlorinated  hydrocarbon  insecticides. 
The  mercury  analyses  were  performed  by  cold  vapor  atomic  absorption 
using  a  Perki n-E 1 mer/Coleman  Model  50  Mercury  Analyzer.  Analyses  for 
pesticide  residues  (p,p'-DDE,  dieldrin,  and  heptachlor  epoxide)  were 
performed  on  a  Beckman  model  GC-4  gas  chromatograph  equipped  with  an 
electron  capture  detector  (Anderson  et  al.  1970:37*0. 

RESULTS 


Most  woodcock  counted  on  the  Forbes  and  Dale  areas  were  flushed 
from  low  areas,  along  ditches,  and  in  wide  gulleys.  The  predominant 
vegetation  in  these  locations  consisted  of  younq  stands  of  hardwoods, 
primarily  maple  (Acer  spp.)  and  river  birch  (Betul a  n i gra) .  When  all 
years  were  considered,  more  than  five  times  as  many  woodcock  were  counted 
during  the  March  censuses  as  during  the  October-November  censuses  (Table 
1).  The  use  of  the  Forbes  and  Dale  areas  for  nesting  probably  accounted 
for  this  seasonal  difference  in  numbers  of  woodcock. 

Although  many  hours  of  fieldwork  were  conducted  on  the  areas 
during  summer  and  early  fall,  woodcock  were  never  observed  at  this  time 
of  the  year.  What  happens  to  adult  woodcock  and  their  young  in  south- 
central  Illinois  during  late  summer  remains  an  enigma.  However,  we 
speculate  that  dry  conditions  force  resident  woodcock  to  move  to  more 
northern  latitudes  after  completing  nesting  and  brood- rear i ng  activities. 

Three  woodcock  nests  were  examined  on  the  Dale  area.  The  first, 
containing  two  eggs,  was  discovered  16  March  1967  situated  in  pine 
needles  in  a  border  planting  of  loblolly  pine  (P i nus  taeda) .  The  second 
nest,  containing  four  eggs,  was  found  22  March  1 96 8  amid  a  diffusion  of 
blackberry  (Rubus  a  1  1  eghen  1  ens  i  s)  ,  dewberry  (R_.  f  lagel  laris)  ,  serecia 
lespedeza  (Lespedeza  cuneata)  ,  timothy  (Phleum  pratense) ,  and  three-awned 
grass  (Aristida  longespica).  These  nests  were  revisited  within  2  weeks 
after  they  were  discovered-,  and  all  traces  of  eggs  and  females  were 
missing. 

The  third  nest,  with  one  egg,  was  found  17  March  1971  in  an  open 
field  that  was  last  cultivated  in  1965.  The  female  associated  with  this 
nest  and  the  single  egg  were  collected  for  mercury  and  pesticide  studies. 
The  nest  was  located  in  downed  canes  of  white  heath  aster  (Aster  pi losus) , 
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common  ragweed  (Ambrosia  a rtemi s i i fol i a) ,  Pennsylvania  smartweed 
(Polygonum  pensy 1  van i cum) ,  panic  grass  (Panicum  huachucae) ,  and  tickle 
grass  (Agrostis  hyemalis).  Liscinsky  (1 972 : 1 4)  reported  that  woodcock 
in  Pennsylvania  atypically  nested  in  old  fields  with  no  overhead  woody 
cover. 


Table  1.  Numbers  of  woodcock  counted  while  conducting 


censuses 

on  the  Forbes  and 

Dale  areas 

,  1966-73. 

Forbes 

Da  1  e 

Date 

March 

Oct . -Nov. 

March 

Oct . -Nov . 

1966 

1 

0 

15 

1 

1967 

0 

0 

28 

1 

1968 

2 

1 

36 

2 

1969 

0 

2 

0 

3 

1970 

6 

2 

16 

7 

1971 

6 

1 

7 

0 

1972 

0 

0 

1 

1 

1973 

4 

2 

19 

3 

A  brood  of  three  young  woodcock,  accompanied  by  an  adult,  was 
observed  5  May  1971  on  the  Forbes  Area.  These  young  were  estimated  to 
be  less  than  3  weeks  old,  judged  by  their  flight  behavior. 

Mean  weight  of  four  female  woodcock  collected  in  March  1971  was  214 
grams,  with  extremes  of  1 8 1  and  252  grams  (Table  2).  The  heaviest  bird 
was  actively  laying.  Two  males  weighted  151  and  1 62  grams,  respectively. 

Concentrations  of  total  mercury  in  liver  and  in  breast  muscle  were 
approximately  three  times  higher  in  the  two  male  woodcock  than  in  the 
four  females  (Table  2).  The  levels  in  the  males  approached  or  exceeded 
0.50  ppm,  which  is  more  or  less  recognized  as  the  upper  limits  of 
tolerance  for  mercury  in  fish  and  game  birds  (Anderson  and  Stewart  1971: 
240)  . 


Moderately  elevated  levels  of  p,p'-DDE  in  fat  were  found  in  the 
male  woodcock  and  in  two  of  the  females  (Table  2).  However,  McLane  et 
al.  (1971:249)  felt  that  the  mean  concentrations  of  DDE  (1.26  ppm  in 
carcasses  and  17.90  ppm  in  lipids)  they  reported  for  woodcock  wintering 
in  Louisiana  were  relatively  low.  Our  Illinois-collected  birds 
contained  negligible  concentrations  (<0.01  ppm)  of  dieldrin  and  of 
heptachlor  epoxide. 
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Table  2.  Body  weight,  weight  of  reproductive  organs,  and  concentrations 
of  mercury  and  of  p,p'-DDE  in  selected  tissues  of  woodcock 
collected  on  the  Forbes  and  Dale  areas,  8-17  March  1971. 


Area 

Body 

Weight 

(g) 

Weight  of 
Ovary  or 
Testes  (g) 

Concentration 

0 

of  Mercury— 

Concentrat ion 
of  p,p'-DDE 
in  Fat— 

Liver 

Muscle 

FEMALES 

Da  1  e 

197 

1.7 

0.29 

0.18 

0.48 

Da  1  e 

225 

0.7 

0.24 

0.06 

0.20 

Da  1  e 

181 

0.8 

0.13 

0.14 

11.36 

Da  1  e 

252 

5.9- 

0.33 

0.24 

4.03 

MALES 

Da  1  e 

162 

0.15 

0.75 

0.48 

22.72 

Forbes 

151 

0.15 

0.90 

0.69 

4.52 

— yg  per  gram  of  wet  weight. 


—This  bird  was  collected  at  a  nest  that  contained  one  egg.  Dissection 
of  the  bird  revealed  an  unshelled  egg  in  the  shell  gland  of  the 
reproductive  tract. 


DISCUSSION 


Sheldon  (1967:23)  classified  the  entire  length  and  breadth  of 
Illinois  and  all  adjacent  states  except  Wisconsin,  as  scattered  breeding 
range  for  the  woodcock.  The  principal  breed i ng  range  occurs  farther 
north,  in  Minnesota,  Wisconsin,  Michigan,  and  in  Canada.  However, 
woodcock,  in  traveling  between  their  breeding  grounds  to  the  north  and 
their  winter  grounds  in  Louisiana  and  other  southern  states,  migrate 
through  Illinois  in  both  spring  and  fall.  Our  findings  for  woodcock 
populations  in  south-central  Illinois  appear  to  conform  to  these 
generalized  descriptions  of  the  species.  A  sparse  population  of  breed¬ 
ing  woodcock  regularly  nests  in  south-central  Illinois,  and  moderate 
numbers  of  the  birds  may  be  encountered  during  the  migration  periods. 

Although  samples  are  small,  body  weights  of  our  Illinois-collected 
woodcock  appear  to  be  greater  than  weights  reported  by  Sheldon  (1967:41) 
for  early-spring  birds  in  the  principal  breeding  range.  Sheldon  (1967: 
40)  believed  that  "both  sexes  reach  their  minimum  weight  after  the  long 
flight  from  the  winter  grounds  to  the  breeding  grounds."  Because  our 
study  areas  are  located  relatively  far  south  (lat.  38  40  1  N  versus  lat. 

44°  N  for  central  Wisconsin),  the  woodcock  we  collected  might  be 
expected  to  be  heavier  than  those  Sheldon  examined. 
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Our  findings  for  concentrations  of  mercury  and  of  DDE  in  woodcock 
tentatively  suggest  that  these  chemicals  are  not  of  sufficient  magnitude 
to  endanger  the  well-being  of  the  species  in  Illinois.  Because  the  bird 
we  analyzed  were  collected  in  spring,  we  hesitate  to  speculate  on  levels 
of  mercury,  DDT  residues,  and  other  chemicals  that  might  occur  in 
woodcock  taken  by  hunters  during  the  fall.  However,  because  earthworms 
constitute  the  staple  food  of  the  species  (Sheldon  1967:79),  woodcock 
might  be  expected  to  rapidly  accumulate  environmental  contaminants. 
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ABSTRACT 

The  Illinois  range  of  the  introduced 
redear  sunfish  is  reported  to  include  the 
headwaters  region  of  the  Embarras  River  in 
Champaign  County. 

INTRODUCTION 

The  Illinois  range  of  redear  sunfish  was  originally 
limited  to  a  few  localities  in  the  Wabash  basin  (Forbes 
and  Richardson,  1920).  However,  introductions  by  man  have 
established  populations  in  several  drainages  in  Illinois. 

Ichthyological  surveys  conducted  by  the  Illinois 
Department  of  Conservation  in  the  Embarras  River  basin  in 
1962  and  1967  yielded  only  a  single  redear  sunfish  specimen 
in  Jasper  County  (Lopinot,  1968).  Studies  of  Embarras 
River  fishes  in  Champaign  County  have  not  reported  this 
species  in  this  particular  drainage  (Thompson  and  Hunt, 
1930;  Menzel,  1952;  Larimore  and  Smith,  1963;  Buth^  1974  ) . 
Larimore  and  Smith  (1963)  reported  redear  sunfish  from  the 
Sangamon  River  in  Champaign  County  but  attributed  this  to 
introduction  by  man  and  mentioned  that  this  species  must 
be  excluded  from  any  distributional  analysis  of  native 
species  in  this  region.  Redear  sunfish  have  also  been 
reported  from  Copper  Slough,  a  tributary  of  the  Kaskaskia 
River,  in  Champaign  County  (B.  M.  Burr,  pers.  comm.). 

RESULTS  AND  DISCUSSION 

On  September  23,  1973,  a  single  adult  Lepomis 
microlophus  was  captured  by  seine  in  the  Embarras"  "River 
about  12  km  south  of  Urbana,  Illinois.  This  locality 
corresponds  to  "Station  7"  utilized  in  studies  by  Menzel 
(1952)  and  Buth  (1974).  This  individual  is  believed  to 
be  the  first  of  its  species  to  be  taken  from  the  Embarras 
River  in  Champaign  County.  Eleven  additional  adults  were 
collected  by  seine  at  the  sane  locality  during  July,  1974. 
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An  adult  specimen  was  also  collected  at  Station  7  in 
September,  1975,  and  deposited  in  the  Illinois  Natural 
History  Survey  collection. 

Thus,  the  redear  sunfish  population  appears  to  be 
established,  at  least  temporarily,  in  this  headwaters 
region  and  may  be  of  value  to  local  fishermen.  However, 
it  remains  to  be  seen  whether  or  not  this  population  will 
be  maintained  in  the  headwaters  of  the  Embarras  River. 
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ABSTRACT 

A  material  resembling  a  glaze  has  been  found  on  the 
skull  of  a  burial  at  the  Helton  site  in  the  Lower 
Illinois  River  Valley.  Analysis  by  X-ray  fluores¬ 
cence  indicates  that  this  material  has  a  glass -like 
composition  (silicon,  calcium,  potassium)  with  an 
unusually  high  proportion  of  iron.  Since  the  surround¬ 
ing  soils  have  a  much  lower  proportion  of  iron,  this 
component  of  the  glaze  must  have  been  introduced  from 
an  extrinsic  source.  It  is  concluded  that  the  glaze  was 
formed  accidentally  by  a  particularly  hot  fire  during 
the  cremation,  since  all  the  necessary  components 
were  present  at  the  time  of  the  burial. 


INTRODUCTION 


A  crematory  was  found  in  Mound  22  of  the  Helton  site  in  the 
Lower  Illinois  River  Valley.  The  remains  of  approximately  38 
individuals  were  interred  in  the  entire  mound,  which  is  about  one  meter 
deep  and  fourteen  meters  square.  The  crematory  formed  only  a  small 
part  of  the  mound  and  contained  six  burials.  Portions  of  one  skeleton 
from  the  crematory  were  observed  to  be  coated  with  a  gray /green 
material  resembling  a  glaze.  This  skeleton  is  believed  to  be  the 
remains  of  a  woman  who  was  over  fifty  years  of  age  when  she  died. 

The  coating  covered  most  of  the  superior  surface  of  the  skull  and  parts 
of  the  upper  torso.  Small  amounts  of  the  coating  were  also  observed 
on  the  foot  of  a  juvenile  that  was  close  to  the  head  of  the  female.  The 
material  in  question  was  smooth  and  reflective  in  places,  indicative  of 
a  glass-like  composition,  but  in  others  was  dull  and  coarse. 
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There  have  been  no  previous  reports  of  native  North  American 
mortuary  practices  involving  glaze -like  coatings  on  bones.  It  was 
therefore  desired  to  analyze  this  substance  in  order  to  determine  its 
chemical  composition  and  to  decide  whether  formation  of  the  coating 
was  intentional.  This  report  describes  the  chemical  analysis  of  this 
glaze  by  X-ray  fluorescence  techniques. 

MATERIALS  AND  METHODS 


Two  fragments  of  glaze,  one  bone  fragment,  one  sample  of 
dirt  from  under  the  skull,  one  sample  of  sand  from  near  the  burial, 
and  one  sample  of  loess  from  the  Helton  site  were  analyzed  by  X-ray 
fluorescence  (XRF)  (Muller  and  Keil,  1972).  The  glaze  and  bone 
fragments  and  the  soil  samples  were  each  examined  in  several  distinct 
areas  in  order  to  minimize  sampling  errors.  In  the  X-ray  fluores¬ 
cence  technique,  an  atom  is  first  excited  by  absorption  of  high  energy 
radiation.  The  excited  atom  then  returns  to  its  ground  state  by 
emitting  X-rays  (fluorescence).  Each  element  emits  X-rays  with 
characteristic  energies.  Thus  an  element  can  be  identified  by  obser¬ 
vation  of  X-rays  with  the  appropriate  energy,  and  more  quantitative 
data  can  be  obtained  by  counting  procedures  and  comparisons  with 
standards.  Reliable  quantitative  results  are  not  possible  without  strict 
attention  to  sample  geometry,  sample  homogeneity,  and  matrix  effects 
in  comparisons  with  standards.  By  emphasizing  ratios  between 
elements  rather  than  absolute  percentages,  the  present  study  yields 
only  semiquantitative  results. 

A  Cambridge  S-4  scanning  electron  microscope  equipped  with 
a  solid  state  Si(Li)  energy  dispersive  X-ray  detector  (EDAX)  (X-ray 
milliprobe)  and  a  400  channel  pulse -height  analyzer  was  used  to  perform 
these  analyses.  By  this  procedure,  atomic  excitation  is  effected  by  an 
electron  beam.  The  glaze  and  bone  fragments  were  washed  in  distilled 
water  prior  to  analysis.  Samples  were  mounted  onto  aluminum  stubs  by 
glue  or  double -sided  adhesive  tape,  then  coated  with  a  thin  layer  of 
carbon  by  evaporation.  Typical  experimental  conditions  were:  2000x 
magnification,  20-keV  accelerating  voltage,  190-mA  beam  current,  and 
400-sec  counting  time. 


RESULTS 


Under  ideal  conditions,  the  XRF  method  can  detect  elements 
in  the  0.  1%  by  weight  range  or  lower.  No  attempt  was  made  in  the 
present  study  to  identify  elements  in  concentrations  less  than  about  2% 
by  weight,  since  only  major  and  minor  (rather  than  trace)  elements 
were  of  interest.  Elements  found  in  the  glaze  included  silicon,  calcium, 
potassium,  aluminum,  and  iron.  The  first  four  of  these  are  quite 
normal  for  a  glass-like  material.  Elements  in  the  bone  included  phos¬ 
phorus,  calcium,  barium,  aluminum,  and  iron.  Such  a  composition  is 
unexceptional  for  a  bone.  The  presence  of  substantial  amounts  of  iron 
in  the  glaze,  however,  is  unusual  and  points  toward  this  element  as  the 
source  of  the  gray  /green  color.  The  critical  concentration  ratios  are 
iron  to  silicon  (Fe/Si)  and  iron  to  phosphorus  (Fe/P)  (Table  I).  Con¬ 
centrations  of  each  element  were  estimated  by  subtracting  the 


316 


TABLE  I.  Relative  Counts  and  Count  Ratios  of  Iron,  Silicon,  and 
Phosphorus 


Sample 

Fe* 

Si+ 

P* 

a 

Fe  /  Si 

Fe/P 

Glaze  A,  area  1 

180 

480 

n.d  ' 

0.38 

.... 

area  2 

270 

4870 

n.d. 

0.06 

— 

area  3 

200 

3020 

n.d. 

0.07 

— 

Glaze  B,  area  1 

180 

950 

n.d. 

0.20 

«.  —  _  — 

area  2 

120 

820 

n.d. 

0.  15 

— 

Bone,  area  1 

50 

550 

1170 

0.09 

0.04 

area  2 

10 

40 

600 

0.25 

0.02 

area  3 

40 

140 

630 

0.29 

0.06 

Dirt  under  the  skull. 

area  1 

30 

420 

n.d. 

0.07 

— 

area  2 

40 

2230 

n.d. 

0.02 

— 

Sand,  area  1 

20 

1670 

n.d. 

0.01 

— 

area  2 

50 

530 

n.d. 

0.09 

— 

Loess 

110 

1620 

n.d. 

0.07 

— 

""Calculated  from  the  counts  in  the  iron  channels,  Vq  (6.35keV  +  6.4 
+  6.45),  minus  the  local  background,  V2  (6.  3  +  6.  5;. 

I 

Calculated  from  the  counts  in  the  silicon  channels,  V2(1.75keV  + 
1.8),  minus  the  local  background,  V2(1.7  +  1.85). 

£ 

Calculated  from  the  counts  in  the  phosphorus  channels,  V3(2.0keV  + 
2.  05  +  2. 1),  minus  the  local  background,  V2  (1.  95  +  2. 15). 

^  The  Fe  /  Si  ratio  in  the  bone  and  the  soils  is  fortuitously  similar  to 
that  in  the  glaze  because  the  proportion  of  silicon  is  lower  in  the 
bone  than  in  the  other  materials.  The  absolute  amount  of  iron  is 
much  higher  in  the  glaze,  as  can  be  seen  from  the  first  column. 
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background  counts  from  the  average  number  of  counts  in  the  channels 
characteristic  of  a  given  element.  This  procedure  gives  a  rough  but 
reliable  indication  of  the  elemental  content.  The  absolute  number  of 
counts  cannot  be  readily  compared  from  sample  to  sample,  because 
of  differences  in  surface  geometry.  Accurate  concentrations  cannot 
be  obtained  without  the  use  of  standards  for  comparison.  The  data 
show  that  there  is  much  more  iron  in  the  glaze  than  in  the  bone,  and 
much  more  phosphorus  in  the  bone  than  in  the  glaze.  The  soils  also 
have  considerably  less  iron  than  the  glaze. 

DISCUSSION 


The  principal  questions  that  need  to  be  answered  concern  how 
the  glaze  was  formed,  what  the  origin  was  of  the  raw  materials,  and 
whether  its  formation  was  intentional.  A  glass  or  glaze  is  produced  by 
the  fusion  of  silica  (sand).  The  temperature  of  fusion  can  be  lowered 
considerably  by  the  action  of  so-called  fluxes  such  as  naturally  occur¬ 
ring  limestone  or  potash.  These  fluxes  introduce  calcium  and  potas¬ 
sium,  respectively,  into  the  glass  matrix.  With  the  proper  mixture 
of  these  ingredients,  fusion  could  occur  as  low  as  950°  C  (Wertime, 
1973,  p.  670). 

The  degree  of  calcination  of  the  bone  and  of  the  limestone  in 
the  vicinity  of  the  skull  appears  to  indicate  that  this  area  was  in  the 
hottest  part  of  the  fire  during  cremation.  Wertime  (1973,  p.  670) 
states  that  a  wind -aided  hardwood  fire  can  attain  a  temperature  of  940°, 
and  that  special  types  of  wood  can  produce  even  higher  temperatures. 
Analysis  of  the  charcoal  from  the  crematory  indicates  that  the  wood 
was  either  slippery  elm  or  hackberry,  both  hardwoods  of  the  family 
Ulmaceae  (Asch,  unpublished).  It  is  entirely  possible  that  a  wind -aided 
fire  could  produce  a  glaze  from  properly  fluxed  sand.  Early  Egyptian 
faibnce  is  an  example  of  a  rudimentary  glassy  material  produced  by 
just  such  a  simple  procedure --in  this  case  fusion  of  silica  with  soda  — 
albeit  by  an  intentional  and  more  sophisticated  manufacturing  process. 

The  remainder  of  the  components  that  make  up  the  glaze 
can  also  be  accounted  for  reasonably.  The  calcium  could  derive 
from  limestone  that  was  abundantly  available  around  the  crematory. 
Wood  ash  could  provide  the  potassium.  The  remaining  constituent, 
iron,  is  possibly  the  most  interesting.  Since  iron  was  not  present  in 
substantial  amounts  in  the  surrounding  soils  (Table  I),  it  must  have 
been  added  intentionally  during  the  burial.  In  the  Woodland  period 
the  mortuary  practice  of  covering  bones  with  red  ochre  has  been 
documented  (Perino,  1968,  p.  9).  Red  ochre  is  one  form  of  hematite, 
which  is  a  ferric  oxide  ore.  The  iron  in  the  glaze  could  thus  have 
come  from  red  ochre  or  from  some  other  iron-containing  material 
placed  on  the  skull.  Furthermore,  hematite  is  known  to  be  a  flux  for 
the  fusion  of  silica  (Wertime,  1973,  p.  670).  The  much  higher 
proportion  of  iron  in  the  glaze,  as  compared  to  that  in  the  bone  and 
the  soils,  indicates  that  this  component  of  the  glaze  did  not  derive 
from  these  sources.  It  is  not  known  whether  the  presence  of  the  iron 
constituent  was  necessary  for  formation  of  the  glaze. 
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One  possible  reconstruction  of  the  glaze  formation  is  as 
follows:  the  body  is  placed  in  position,  sand  and  red  ochre  are 
sprinkled  on  the  head,  the  body  is  covered  with  limestone,  and  all 
the  materials  are  fired  with  hardwood.  The  coincidence  of  materials 
in  a  hot  fire  could  thus  produce  the  glaze  found  on  the  skull.  There  is 
no  evidence  that  the  glaze  manufacture  was  an  intentional  mortuary 
practice.  This  sort  of  accidental  production  of  new  materials  is 
thought  to  be  part  of  the  normal  evolution  of  technology  in  the  Old 
World  (Wertime,  1973,  p.  670).  Recognition  of  adventitious  glaze 
formation  could  eventually  lead  to  a  glass  technology.  Furthermore, 
the  use  of  hematite  as  a  flux  could  lead  to  the  accidental  production 
of  elemental  iron.  The  observation  that  glazes  can  be  produced 
fortuitously  in  mortuary  practices  therefore  suggests  an  important 
link  in  the  technological  development  of  new  materials. 
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A  STUDY  OF  FECUNDITY ,  FERTILITY ,  AND  HATCH  IN 
EUSCHISTUS  SERVUS  (HEMIPTERA:  PENTATOMIDAE)  WITH 
NOTES  ON  PRECOPULATORY  AND  COPULATORY  BEHAVIOR1 
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ABSTRACT . --The  effects  of  age  and  mating  on 
fecundity,  fertility,  and  hatch  were  studied 
under  laboratory  conditions.  Precopulatory 
and  copulatory  behavior  were  also  investi¬ 
gated.  Age  and  number  of  copulations  had  no 
effect  on  fecundity,  fertility,  or  hatch. 

However,  when  fertilized  $9  were  compared 
with  virgin  99,  fertilized  99  were  found  to 
lay  significantly  more  eggs,  but  have  a 
shorter  life  span.  Mating  was  initiated  by 
the  d,  and  insertion  took  place  with  the  d 
facing  away  from  the  9.  Copulation  lasted  up 
to  56  hours. 

The  brown  stink  bug,  Euschistus  servus ,  is  common 
throughout  most  of  the  continental  United  States  (Blatch- 
ley  1926)  and  consists  of  2  subspecies,  E.  s.  servus  (Say) 
and  E.  s.  euschistoides  ( Vollenhoven)  .  E.  ss.  servus  is 
common  in  the  southeast  and  south  central  United  States , 

E.  £.  euschistoides  across  the  northern  United  States  and 
southern  Canada.  The  2  subspecies  intergrade  in  a  wide 
band  from  Maryland  to  Kansas  (Sailer  1954)  .  Southern 
Illinois,  the  source  for  animals  used  in  this  study,  falls 
within  this  zone  of  intergradation. 

E.  servus  attacks  a  wide  range  of  host  plants  includ¬ 
ing  cotton  (Morrill  1910),  goldenrod ,  thistle  (Blatchley 
1926),  peaches,  whitetop  fleabane,  white  campion,  horse- 
weed  (Woodside  1947),  tomatoes,  snap  beans,  southern  oeas, 
and  okra  (Rolston  and  Kendrick  1961) .  Information  on  its 
life  history  and  rearing  under  controlled  conditions  has 
been  published  (Woodside  1946,  Esselbaugh  1948,  Rolston  and 


^-Part  of  a  research  paper  submitted  to  Southern  Illi¬ 
nois  University  at  Carbondale  by  the  senior  author  in 
partial  fulfillment  of  the  requirements  of  the  M.S.  degree 
in  Zoology. 

2Graduate  student  and  Assoc.  Professor,  respectively. 
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Kendrick  1961) ,  and  the  eggs  (Esselbaugh  1946)  and  nymphs 
(DeCoursey  and  Esselbaugh  1962)  described.  However,  little 
information  is  available  on  fecundity  and  fertility.  Thus, 
the  present  laboratory  study  was  conducted  to  determine  the 
effects  of  age,  mating,  and  the  number  of  copulations  on 
fecundity,  fertility,  and  hatch.  Also,  notes  were  taken  on 
precopulatory  and  copulatory  behavior. 


MATERIALS  AND  METHODS 

On  April  19,  1974,  8  adult  E.  servus  (5dd,  399)  were 
collected  in  the  LaRue-Pine  Hills  Ecological  Area,  Union 
Co.,  Illinois,  returned  to  the  laboratory,  and  placed  in 
incubators  maintained  at  23.9+0.6°C  and  constant  light  of 
ca.  130  f t-c .  (Ken-Rad,  15W  Daylight,  F15T8/D) .  They  were 
kept  in  mason  jars  and  fed  green  snap  beans,  Phaseola 
vulgaris  L. ,  as  described  by  McPherson  (1971) .  Offspring 
of  these  field-collected  individuals  were  reared  following 
the  technique  of  McPherson  (1971) ,  and  the  resulting  adult 
dd  and  99  used  to  begin  the  various  experiments.  The  99 
were  divided  into  4  groups:  (1)  isolated  99,  (2)  once- 

mated  99,  (3)  twice-mated  99,  and  (4)  mated-f or-lif e  99. 

The  isolated  99  group  consisted  of  6  virgin  99 ,  each 
isolated  for  its  entire  adult  life.  The  once-mated  and 
twice-mated  99  groups  each  consisted  of  6  virgin  99  which 
were  allowed  to  copulate  once  or  twice,  respectively, 
before  the  d  was  removed.  The  mated-f or-lif e  group  con¬ 
sisted  of  12  99 ,  each  paired  for  its  entire  adult  life  with 
a  d  (mean  number  of  copulations=2 . 6 4 ,  range=l-5) ;  if 
the  d  died,  it  was  replaced  with  one  of  ca.  the  same  age. 

Egg  clusters  from  the  4  groups  of  99  were  collected 
daily  and  placed  on  filter  paper  in  petri  dishes  (ca.  9  cm. 
diam. ,  2  cm.  deep)  as  described  by  McPherson  (1971) .  These 
were  kept  in  the  same  incubators  as  the  adults.  The  number 
of  eggs  laid/9 ,  the  number  which  subsequently  developed  eye 
spots  and,  of  those,  the  number  which  eventually  hatched, 
were  recorded. 

Although  it  was  originally  planned  to  compare  data 
gathered  during  the  entire  life  span  of  each  9  ,  life  spans 
proved  to  be  highly  variable.  Several  99  died  after  ca.  8 
weeks,  thus  greatly  weakening  comparisons  beyond  this 
point.  For  this  reason  most  comparisons  are  based  on  data 
gathered  during  the  1st  8  weeks. 

The  number  of  egg  clusters/9  was  highly  variable  on  a 
weekly  basis.  Occasionally,  ovipositions  of  a  particular 
9  would  be  more  than  1  week  apart.  Thus,  it  was  decided 
to  divide  the  8  weeks  into  four  2-week  periods  to  decrease 
the  effect  of  this  variability. 
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Fecundity,  fertility,  and  hatch  were  compared  within 
and  between  the  3-4  groups  of  99  .  Fecundity  data  for  each 
9  began  with  the  first  egg  cluster.  Fertility  data  began 
with  the  first  egg  cluster  containing  fertile  eggs,  deter¬ 
mined  by  the  development  of  eye  spots.  Hatch,  the  %  of 
fertile  eggs  that  developed  to  eclosion,  also  began  with 
the  first  cluster  containing  fertile  eggs.  Comparisions  of 
preoviposition  and  interoviposition  periods  and  life  spans 
were  also  made  between  groups. 

It  was  necessary  to  analyze  the  data  with  non-para- 
metric  tests  because  they  consisted  of  counts.  The  0.01 
level  of  significance  was  chosen  because  of  the  small 
sample  sizes  and  high  individual  variation  between  99 . 

If  a  9  died  during  the  8-week  period,  her  data  were 
discarded.  If  a  mated  9  failed  to  produce  any  fertile  eggs, 
these  data  were  not  included  in  comparisons  of  her  group 
(once-,  twice-,  or  mated-f or-lif e)  with  others.  Any  differ¬ 
ences  between  the  number  of  99  originally  selected  for  the 
various  experiments,  and  the  number  used  in  the  analyses, 
are  due  to  these  reasons. 

During  May  1975,  10  adults  (Odd,  499)  were  collected 
in  the  field  and  returned  to  the  laboratory  for  observation 
of  precopulatory  and  copulatory  behavior.  The  2  sexes  were 
kept  in  separate  mason  jars  except  during  periods  when 
notes  were  taken  on  sexual  behavior. 


RESULTS  AND  DISCUSSION 


Fecundity 


Intra-group  results 


Isolated  virgin  99  laid  an  average  of  131.83  eggs/9 
(range=12-272) ,  8.16  eggs/cluster  (range=l-25)  during  their 
entire  life  span.  The  majority  of  egg  clusters  (58.76%) 
consisted  of  less  than  10  eggs  (Fig.  1A) . 

Once-mated  99  averaged  263.25  eggs/9  (range=204-363) , 
17.55  eggs/cluster  (range=2-38 ) ;  twice-mated  99,  275.00 
eggs/9  (range=194-353) ,  18.39  eggs/cluster  (range=2-31) ; 
and  mated-for-lif e  99,  424.00  eggs/9  (range=176-654) ,  20.72 
eggs/cluster  (range=l-44)  during  their  entire  life  spans. 
Three  mated-f or-lif e  99  had  lifetime  fecundities  of  628, 
645,  and  654,  and  this  accounted  for  this  group's  high 
average  lifetime  fecundity.  The  most  frequent  egg  cluster 
sizes  were  14  and  28  in  each  of  the  mated  groups:  once- 
mated  (35.71%),  twice-mated  (42.70%)  ,  and  mated-for-life 
(14.76%)  (Fig.  1B-D) .  Rolston  and  Kendrick  (1961)  also 
reported  that  E.  servus  most  frequently  laid  14  or  28  eggs/ 
cluster . 
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There  was  no  significant  difference  between  99  in 
total  fecundity  for  the  1st  8  weeks  of  egg  production  in 
each  of  the  4  groups  of  99  (Table  1) .  Also,  comparisons 
within  each  group  of  99,  collectively,  between  2-week 
periods  showed  that  age  was  not  a  factor  (Table  1) .  This 
was  evident  from  the  original  data  which  showed  that  99 
were  variable  in  their  levels  of  fecundity  for  each  2-week 
period.  One  9  (mated-for-lif e)  laid  progressively  more, 
but  the  remaining  99  fluctuated  in  fecundity  during  the 
2-week  periods  (e.g.,  low  during  the  1st  and  3rd  periods, 
high  during  the  2nd  and  4th  periods) . 

Once-mated  vs.  twice-mated  99 


Once-  and  twice-mated  99  were  compared  to  determine  the 
effect  of  one  additional  copulation  on  fecundity.  There  was 
no  significant  difference  in  total  fecundity  between  the  2 
groups  for  the  1st  8  weeks  of  egg  production  nor  did  age 
affect  the  groups  differently  (2-week  comparisons)  (Table 
2)  . 

Once  +  twice-mated  99  vs.  mated-for-lif e  99 


Since  no  difference  in  fecundity  was  found  between 
once-  and  twice-mated  99,  the  2  groups  were  lumped  and  com¬ 
pared  with  mated-for-lif e  99.  No  significant  difference  in 
total  fecundity  was  found  between  these  groups  for  the  8- 
week  period  nor  again,  was  age  a  factor  (Table  2) . 

It  should  be  noted  that  3  mated-for-lif e  99  laid  over 
100  eggs/9  during  weeks  7-8,  far  above  the  highest  number 
for  either  once-  or  twice-mated  99.  This  may  be  the  reason 
why  the  comparison  between  the  mated-for-lif e  99  and  the 
lumped  once-  and  twice-mated  99  for  this  period  was  closer 
to  being  significantly  different  (  >  0.025)  than  comparisons 
between  the  earlier  2-week  periods. 

All  mated  99  vs.  isolated  99 


Since  there  was  no  significant  difference  between  any 
of  the  groups  of  mated  99,  they  were  lumped  and  compared  to 
the  isolated  99  group.  The  analyses  showed  that  mated  99 
laid  significantly  more  eggs  during  the  8-week  period  than 
isolated  99  (Table  3) . 


Fertility 


Intra-group  results 


Eggs  collected  from  isolated  $9  were  kept  under  ob¬ 
servation  for  5-7  days  to  detect  possible  parthenogenesis, 
but  no  signs  of  development  were  seen.  Once-mated  99 
averaged  87.27%  fertility  (range=66 . 00-97 . 25% ) ; 
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Table  1.  Comparisons  of  fecundity  between  Euschistus  servus  99  during 
the  1st  8  weeks  of  egg  production. 


Test  Group 

0-2 

3-4 

Weeks 

5-6 

T-8 

Xr  -values 

Between  2-wk. 
periods 

( Prob . ) 

Between 

99 

Isolated  99 

1 

6 

5 

0 

0 

2 

48 

10 

31 

IT 

3 

2 

10 

0 

0 

4 

IT 

34 

0 

0 

5 

43 

0 

22 

0 

6 

12 

0 

15 

0 

6.65(>0.05) 

T.T1(>0.10) 

Once-mated  9  9 

1 

56 

TO 

42 

55 

2 

83 

86 

85 

69 

3 

42 

28 

33 

14 

4 

28 

56 

98 

20 

5.40( >0.10) 

T. 80 (>0.05) 

Twice-mated  99 

1 

82 

84 

83 

26 

2 

63 

39 

T 

43 

3 

82 

54 

31 

49 

4 

54 

83 

56 

56 

5 

84 

56 

83 

28 

6 

83 

54 

6T 

28 

4.25(>0.20) 

4.l4( >0.50) 

Mated- for-life 

99 

1 

36 

102 

30 

66 

2 

26 

T6 

35 

4T 

3 

33 

T8 

98 

TT 

4 

96 

55 

T5 

IT 

5 

28 

9T 

96 

66 

6 

85 

6T 

86 

112 

T 

26 

30 

58 

T3 

8 

135 

105 

112 

108 

9 

56 

6 

33 

155 

10 

56 

49 

42 

15 

11 

56 

43 

28 

40 

0. 05 ( >0.99) 

16 . 25 ( >0.05) 
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Table  2.  Comparisons  of  fecundity  between  once-mated,  twice-mated,  and 
mated-for-life  Euschistus  servus  99  during  the  1st  8  weeks  of 
egg  production. 


Number  of  eggs/9 

Mann-Whitney 

U  value s ( Pr ob. ) 

Weeks 

Once -mated 
99 

Twice -mated 
99 

Mated-for  Once-  vs . 

life  99  Twice-mated 

Once+Twice  vs. 
Mated-for-life 

0-2 

28 

54 

26 

42 

63 

26 

56 

82 

28 

83 

82 

33 

83 

36 

84 

56 

56 

56 

85 

96 

135 

5 • 5( >0 .08) 

43.0(>0.05) 

3-4 

28 

39 

6 

56 

54 

30 

70 

54 

43 

86 

56 

49 

83 

55 

84 

67 

76 

78 

97 

102 

105 

10. 5 (>0.38) 

51 .o( >0 .05 ) 

5-6 

33 

7 

28 

42 

31 

30 

85 

56 

33 

98 

67 

35 

83 

42 

83 

58 

75 

86 

96 

98 

112 

8.0( >0.23) 

50.5(>0.05) 

7-8 

14 

26 

15 

20 

28 

17 

55 

28 

40 

69 

43 

47 

49 

66 

56 

66 

73 

77 

108 

112 

29 .o( >0 . 025 ) 

155 

11.0 (>0.45) 

0-8 

—  — 

—  — 

—  — 

0.19a(>0.42) 

l.l6a(>0.12) 

o 

z-value  calculated  from  Mann-Whitney  U  value  because  of  large  sample  size. 
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Table  3.  Comparisons  of  fecundity  between  mated  and  isolated 

Euschistus  servus  99  during  the  1st  8  weeks  of  egg  produc¬ 
tion. 


Weeks 

Number 

Mated  99 

of  eggs 

Isolated  99 

z -value s ( Prob . ) 

N 

x( range ) 

N 

x(range) 

0-2 

21 

61.43(28-135) 

6 

21.33(2-48) 

-2 .86(<0 .003) 

3-4 

21 

62.76(6-105) 

6 

9.83(0-34) 

-2.57(<0.010) 

5-6 

21 

60.86(7-112) 

6 

11.33(0-31) 

-2. 54(<0 .010) 

7-8 

21 

55.43(14-155) 

6 

2.83(0-17) 

-2.71(<0.004) 

0-8 

21 

240.48(117-460) 

6 

45.33(11-106) 

-6 . 54(<0 .001) 

twice-mated  99,  93.76%  (range=84 .54-99 . 65%) ;  and  mated-for 
life  99,  85.74%  (range=64 . 69-97 . 98%)  during  their  entire 
life  spans. 

There  was  no  significant  difference  in  fertility 
between  99  for  the  1st  8  weeks  of  fertile  egg  production 
in  each  of  the  3  groups  of  99,  nor  was  age  a  factor  (2- 
week  comparisons)  (Table  4) . 

Twice-mated  99,  though  not  significantly  different  in 
total  fertility  for  the  8  weeks  at  the  0.01  level,  were  at 
the  0.02  level.  The  data  showed  that  2  99  had  100%  fer¬ 
tility  for  the  8  weeks,  whereas  the  remaining  99  averaged 
87.61%.  A  larger  sample  size  would  probably  show  this 
difference  to  be  random  variation. 

Once-mated  vs.  twice-mated  99 


Once-mated  99  were  compared  with  twice-mated  99  to 
determine  if  an  additional  copulation  would  increase  or 
prolong  fertility.  However,  there  was  no  significant 
difference  in  fertility  between  the  2  groups  nor  did  age 
affect  the  groups  differently  (2-week  comparisons)  (Table 
5)  . 

Once  +  twice-mated  99  vs.  mated-f or-lif e  99 


Since  no  difference  in  fertility  was  found  between 
the  once-  and  twice-mated  99,  the  2  groups  were  lumped  and 
compared  with  mated-f or-lif e  99.  Again,  no  significant 
differences  in  fertility  were  found  (Table  5) .  This  was 
not  unexpected  since  one  mated- f or-lif e  9  was  observed 
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Table  4.  Comparisons  of  %  fertility  between  Euschistus  servus  99 
during  the  1st  8  weeks  of  fertile  egg  production. 


Test  Group 

0-2 

Weeks 

3-4  5-6 

7-8 

Xr^-values( 

Between  2  wk . 
periods 

Prob .  ) 

Between 

9$ 

Once -mated 

99 

1 

81.08 

100.00 

100.00 

100.00 

2 

100.00 

100.00 

98.82 

97.10 

3 

97.62 

92.86 

100.00 

92.86 

4 

90.00 

55.36 

87.76 

30.00 

2.78(>0.30) 

5  - 33( >0 .10 ) 

Twice -mated 

99 

1 

100.00 

100.00 

100.00 

100.00 

2 

96.83 

82.05 

57.14 

79.07 

3 

97.53 

100.00 

100.00 

100.00 

4 

77.78 

81.93 

80.36 

85.71 

5 

100.00 

100.00 

100.00 

100.00 

6 

100.00 

90.74 

94.03 

78.57 

0.20  (>0.99) 

13.57(>O.Ol) 

Mated-for-life  99 

1 

87.25 

96.66 

96.96 

98.68 

2 

68.88 

65.38 

74.07 

83.08 

3 

89.17 

98.81 

82.80 

81.00 

4 

95.83 

100.00 

100.00 

82.35 

5 

83.54 

97.33 

96.67 

88.66 

6 

87.18 

97.83 

99.07 

100.00 

7 

88.52 

93.85 

92.59 

100.00 

8 

99.26 

96.19 

99.11 

96.43 

9 

93.04 

98.23 

98.56 

100.00 

10 

58.49 

88.57 

100.00 

78.57 

11 

100.00 

97.67 

100.00 

100.00 

5.15(>0.10) 

17. 82 (>0.05) 

in  copulo  5  times,  but  had  an  overall  fertility  (94.55%) 
which  fell  within  the  ranges  of  those  for  once-  and  twice- 
mated  99  . 

The  comparison  of  fertility  for  0-2  weeks  between 

mated-for-life  and  the  lumped  once-  and  twice-mated  99, 
though  not  significant  at  the  0.01  level,  was  at  the  0.05 
level.  This  probably,  in  part,  resulted  from  the  fertil¬ 
ities  of  2  mated-for-life  99 ,  which  were  lower  than  any 
in  the  once-  or  twice-mated  groups  during  this  period. 
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Table  5-  Comparisons  of  fertility  between  once-mated,  twice-mated,  and 


mat ed-for -life  Euschistus  servus 

99  during  the 

1st  8  weeks  of 

fertile 

egg  production. 

^Fertility 

Mann -Wh i t  n  ey 

U  values ( Prob .) 

Once-mated 

Twice-mated  Mated-for- 

Once-  vs. 

Once+Twice  vs. 

Weeks 

9  9 

99 

life  99 

Twice  mated 

Mated-for-life 

0-2 

81.08 

77.78 

58.49 

90.00 

96.83 

68.88 

97.62 

97.53 

83.54 

100.00 

100.00 

87.18 

100.00 

87.25 

100.00 

88.52 

89.17 

93.04 

95.83 

99.26 

100.00 

9. 5 (>0.30) 

30 .o( >0 .025 ) 

3-4 

55.36 

81.93 

65.38 

92.86 

82.05 

88.57 

100.00 

90.74 

93.85 

100.00 

100.00 

96.19 

100.00 

96.66 

100.00 

97.33 

97.67 

97.83 

98.23 

98.81 

100.00 

12 .0 ( >0 . 50) 

51 .5( >0 .05) 

5-6 

87.76 

57.14 

74.07 

98.82 

8O.36 

82.80 

100.00 

94.03 

92.59 

100.00 

100.00 

96.67 

100.00 

96.96 

100.00 

98.56 

99.07 

99.11 

100.00 

100.00 

100.00 

10 .o( >0 . 38) 

50.5(>0.05) 

7-8 

30.00 

78.57 

78.57 

92.86 

79.07 

81.00 

97.10 

85.71 

82.35 

100.00 

100.00 

83.08 

100.00 

88 . 66 

100.00 

96.43 

98.68 

100.00 

100.00 

100.00 

100.00 

10. 5 (>0.38) 

51.5(>0.05) 

0-8 

-  -  - 

-  -  - 

-  -  - 

-0 . 25a( >0 . 40 ) 

0 .91a( >0.l8) 

z-value  calculated  from  Mann-Whitney  U  value  because  of  large 
sample  size. 
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Hatch 


Intra-group  results 


The  %  hatch  of  once-mated  99  averaged  75.63%  (range= 
32.24-95.77%);  twice-mated  99,  91.66%  (range=69 . 82-98 . 62%) ; 
and  mated- for-life  99,  92.12%  (range=65 . 00-99 . 05%) ,  during 
their  entire  life  spans. 

Age  (2-week  comparisons)  had  no  significant  effect  on 
%  hatch  within  any  of  the  3  groups  of  99 ,  nor  were  there 
significant  differences  between  99  in  total  %  hatch  for  the 
8  weeks  within  the  once-  or  twice-mated  groups  (Table  6) . 
However,  total  %  hatch  between  99  was  close  to  significant¬ 
ly  different  in  the  once-mated  group  (>0.01).  In  this 
group,  1  9  had  a  much  lower  hatch  %  (37.18%)  than  the 
remaining  99  (90.66%),  probably  resulting  in  the  high  Xr2 

value.  Larger  sample  sizes  might  prove  this  to  be  random 
variation . 

Mated-f or-life  99  differed  significantly  in  total  % 
hatch.  This  was  probably  due  to  2  of  the  11  99  which  had 
total  %  hatches  for  the  8  weeks  of  62.27%  and  88.74%, 
respectively,  whereas  the  remaining  9  99  averaged  96.44% 
for  the  same  period. 

Failure  of  fertile  eggs  to  hatch  could  be  predicted 
during  eye  spot  formation.  Fertile  eggs  which  would  hatch 
developed  clearly  defined  red  eye  spots  which  could  be 
seen  through  the  opercula.  Those  which  would  fail  to 
hatch  developed  eye  spots  which  appeared  blurred,  as  a  red 
smudge,  or  were  situated  on  the  side  of  the  egg. 

Once-mated  vs.  twice-mated  99 


Once-  and  twice-mated  99  were  compared  to  determine 
the  effect  of  one  additional  copulation  on  %  hatch.  There 
was  no  significant  difference  in  total  %  hatch  for  the  8 
weeks  nor  did  age  affect  the  groups  differently  (Table  7) . 

Though  total  %  hatch  was  not  significantly  different 
at  the  0.01  level,  it  was  at  the  0.02  level.  This  prob¬ 
ably  resulted  from  one  of  the  once-mated  99  which  had  an 
average  %  hatch  of  37.18%  for  the  8-week  period,  far  below 
those  of  the  remaining  99  in  the  once-  and  twice-mated 
groups  (90.66%  and  92.77%,  respectively). 

Once  +  twice-mated  99  vs.  mated-f or-life  99 


Since  no  differences  in  %  hatch  were  found  between 
once-  and  twice-mated  99  they  were  lumped  and  compared 
with  mated-f or-life  99  .  No  significant  differences  were 
found  in  any  of  the  comparisons  (Table  7) .  This  indicated 
that  hatch  was  not  affected  by  age,  the  number  of  copula¬ 
tions,  or  the  constant  presence  of  a  6  during  the  8-week 
period . 
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Table  6.  Comparisons  of  %  hatch  between  Euschistus  servus  $9  during 
the  1st  8  weeks  of  fertile  egg  production. 


Weeks 

Xr^ -value s( Prob . ) 

Between  2  wk.  Between 

Test  Group  0-2 

3-4 

5-6 

7-8 

periods  99 

Once-mated  9$ 

1 

50.00 

46.51 

28.57 

23.64 

2 

87.95 

97.67 

94.12 

95.59 

3 

95.12 

100.00 

100.00 

100.00 

4 

88.89 

58.06 

87.21 

83.33 

0 .30( >0 .95 )  11.10{>0.01) 

Twice- 

-mated  99 

1 

71.95 

67.85 

67.47 

73.08 

2 

86.89 

96.88 

100.00 

100.00 

3 

93.67 

100.00 

87.10 

91.67 

4 

100.00 

100.00 

100.00 

97.92 

5 

98.81 

100.00 

97.59 

100.00 

6 

97.59 

97.96 

100.00 

100.00 

1 .65(>0 .50)  11 .00( >0 .05) 

Mated- 

-for-life  99 

1 

100.00 

100.00 

100.00 

89.33 

2 

87.10 

88.24 

95.00 

98.15 

3 

99.07 

100.00 

98.70 

98.77 

4 

93.48 

100.00 

93.33 

92.86 

5 

96.97 

94.52 

97.70 

91.86 

6 

100.00 

100.00 

99.06 

100.00 

T 

96.30 

98.36 

84.00 

91.11 

8 

100.00 

100.00 

94.59 

100.00 

9 

98.13 

99.10 

100.00 

96.30 

10 

61.29 

69.35 

63.89 

54.55 

11 

98.04 

95.24 

64.71 

96.97 

4.96(>0.10)  24.6l(<0.0l) 
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Table  7.  Comparisons  of  %  hatch  between  once-mated,  twice-mated,  and 
mated-for-life  Euschistus  servus  9$  during  the  1st  8  weeks 
of  fertile  egg  production. 


%  Hatch 

Mann-Whitney 

U  value s(  Prob . ) 

Once-mated 

Twice-mated  Mated-for- 

Once-  vs. 

Once+Twice  vs. 

Weeks 

99 

99 

life  99 

Twice-mated 

Mated-for-life 

0-2 

50.00 

71.95 

61.29 

87.95 

86.89 

87.10 

88.89 

93.67 

93.48 

95.12 

97.59 

96.30 

98.81 

96.07 

100.00 

98.04 

98.13 

99.07 

100.00 

100.00 

100.00 

7.0(>0.10) 

33 . 5  (>  0 . 05 ) 

3-4 

46.51 

67.85 

69.35 

58.06 

96.88 

88.24 

97.67 

97.96 

94.52 

100.00 

100.00 

95.24 

100.00 

98.36 

100.00 

99.10 

100.00 

100.00 

100.00 

100.00 

100.00 

6.5(>0.10) 

46 .0(>0 .05 ) 

5-6 

28.57 

67.47 

63.89 

87.21 

87.10 

64.71 

94.12 

97.59 

84.00 

100.00 

100.00 

93.33 

100.00 

94.59 

100.00 

95.00 

97.70 

98.70 
99.06 

100.00 

100.00 

8. 5 (>0.20) 

52.0(>0.05) 

7-8 

23.64 

73.08 

54.55 

83.33 

91.67 

89.33 

95.59 

97.92 

91.11 

100.00 

100.00 

91.86 

100.00 

92.86 

100.00 

96.30 

96.97 

98.13 

98.77 

100.00 

100.00 

7. 5(>0.10) 

53 .0(>0 .05 ) 

0-8 

-  - 

-  - 

-  - 

-2.21a(>0.0l) 

0 . 74a(>0 .20 ) 

az-value  calculated 

from  Mann- 

-Whitney  U  value  because  of 

large  sample 

size . 
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Preoviposition  and  Interoviposition  Periods 

and  Life  Spans 


Preoviposition  period 

A  comparison  of  preoviposition  periods  between  mated- 
for-life  and  isolated  99  showed  that  there  was  no  signifi¬ 
cant  difference  between  the  2  groups  (Table  8) .  An 
insufficient  number  of  99  were  available  at  the  time  99 
used  in  the  once-  and  twice-mated  experiments  emerged  for 
establishment  of  all  pairs  simultaneously.  Also,  these  99 
emerged  over  an  extended  period  of  time  and  were  of  differ¬ 
ent  ages  when  they  were  eventually  paired.  Thus,  they 
could  not  be  used  in  this  comparison. 

Interoviposition  period 

There  was  no  significant  difference  in  interoviposi¬ 
tion  periods  between  once-  and  twice-mated  99  ,  nor  when 
these  groups  were  lumped  and  compared  with  mated-for-lif e 
99  (Table  9) .  When  the  3  groups  of  mated  99  were  lumped 
and  compared  with  isolated  99  ,  there  was  again  no  signif¬ 
icant  difference.  However,  they  were  different  at  the 
0.025  level  suggesting  a  trend  toward  isolated  99  having 
longer  interoviposition  periods.  Larger  sample  sizes  are 
needed  to  clarify  this  point. 

Life  span 


There  was  no  significant  difference  in  life  span 
between  once-  and  twice-mated  99  ,  nor  when  these  groups 
were  lumped  and  compared  with  mated-for-life  99  (Table  9) . 
However,  when  the  3  groups  of  mated  99  were  compared  with 
isolated  99  ,  the  life  span  of  isolated  99  proved  to  be 
significantly  longer  (Table  9) . 

That  virgin  99  have  a  longer  adult  life  span  than 
mated  99  has  been  shown  in  a  number  of  other  studies.  For 
example,  Bilewicz  (1953)  found  that  mating  and  subsequent 
egg  laying  decreased  the  life  span  of  Drosophila  melano- 
gaster  Meigen.  Maynard  Smith  (1958)  and  Lener  0-967) 
reported  that  virgin  99  of  Drosophila  subobscura  Collin 
and  the  large  milkweed  bug,  Oncopeltus  f asciatus  (Dallas) , 
respectively,  lived  significantly  longer  than  did  normal 
mated  99  .  Mitchell  and  Mau  (1969)  found  that  mating 
activity  significantly  shortened  the  life  of  both  sexes  of 
the  southern  green  stink  bug,  Nezara  viridula  (L.) . 


Additional  Comments 

Four  99  in  the  3  groups  of  mated  99  were  never  ob¬ 
served  in  copulo  and  never  laid  fertile  eggs.  The  data 
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Table  8.  Comparison  of  preoviposition  periods  between  mated-for-life 
and  isolated  Euschistus  servus  99- 


Days 

x(range) 

Mann-Whitney  U-value( Prob . ) 

Test  Group 

N 

Mated-for-life  99 

11 

23.18(12-46) 

Isolated  99 

6 

19.83(17-24) 

30.00(>0.05) 

Table  9.  Comparisons  of  interoviposition  period  and  of  life  span 

between  once-mated,  twice-mated,  mated-for-life,  and  isolated 
Euschistus  servus  99 . 


Days 

Test  Group  iJ  x( range) 


_ Mann-Whitney  U  values ( Prob. ) 

Once+Twice  All  mated 
Once-  vs.  vs.  Mated-  vs. 

Twice-mated  for-life  Isolated 


Once -mated 
99  4 

Twice -mated 
99  6 

Mated-for- 
life  $9  11 

Isolated 

99  6 


Once-mated 
99  4 

Twice-mated 
99  6 

Mated-for 
life  99  11 

Isolated 

99  6 


Interoviposition  Period8, 

5.^0(3.67-8.00) 

5.18(3.39-7.00)  10.0(>0.30) 

4.41(3.24-7.13)  33.0(>0.05) 

8.42(3.57-34.00)  24.0(>0.0l) 

Life  Span 

100.00(84-140) 

93.67(69-115)  11.5(>0.45) 

118.45(81-182)  30 .0(>0 .025 ) 

175.67(143-244)  7.0(<0.00l) 


aBased  on  average  interoviposition  period  for  each  9  during  the  1st  8 
weeks  of  egg  production. 
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from  these  99  were  compared  with  fertile  and  isolated  $9  . 
The  analyses  showed  that  their  fecundities  and  life  spans 
were  comparable  to  those  of  the  isolated  99  (Table  10) . 

This  suggests  that  the  mere  presence  of  a  s  has  no  stimu¬ 
latory  effect  on  the  9 ,  but  that  copulation,  fertilization, 
or  both  are  necessary  for  high  fecundity. 


Mating  Behavior 

Precopulatory  and  copulatory  behavior  were  observed  in 
the  laboratory  between  4  pairs  of  animals.  Courtship  was 
initiated  by  the  d  who  began  by  palpating  the  9's  head, 
antennae,  and  pronotum  with  his  antennae.  He  then  moved 
posteriorly,  palpating  along  her  side.  Then  while  palpat¬ 
ing  the  underside  of  her  abdomen,  he  attempted  to  raise  her 
posterior  end  by  nudging  movements  of  his  head.  If  the  9 
was  receptive,  she  raised  her  abdomen  until  her  body  formed 
ca.  a  35°  angle  with  the  substrate.  He  then  pivoted  180° 
and,  with  aedeagus  extended,  backed  toward  the  9.  He 
raised  his  abdomen  until  it  was  approximately  at  the  same 
angle  as  the  9's,  and  upon  contact  with  her  abdomen,  he 
moved  his  abdomen  slightly  from  side  to  side  until  his 
aedeagus  entered  her  genital  opening.  There  was  a  slight 
jerking  of  his  body  during  insertion.  During  copulation, 
the  c ?  rested  his  hind  legs  on  hers,  their  bodies  forming  ca. 
a  40°  angle  with  the  substrate.  An  unreceptive  9  did  not 
raise  her  abdomen  and  often  kicked  at  the  courting  d.  An 
unsuccessful  courtship  could  last  up  to  10  minutes.  If 
the  9  was  receptive,  copulation  was  initiated  in  as  little 
as  3  minutes.  Pairs  remained  in  copulo  from  3  to  56  hours 
and  were  observed  feeding  during  this  time. 


CONCLUSIONS 

The  results  of  our  experiments  showed  that:  (1)  nei¬ 
ther  the  number  of  copulations  beyond  1  nor  age  had  an 
effect  on  fecundity,  fertility,  or  hatch  during  the  1st  8 
weeks  of  egg  production,  and  (2)  virgin  99  lived  longer 
than  mated  99  but  laid  fewer  eggs. 

These  results  are  not  unexpected  when  viewed  from  a 
possible  selective  advantage  standpoint.  It  would  seem 
advantageous  to  the  species  if  1  fertilization  could  pro¬ 
vide  a  9  with  enough  sperm  to  maintain  a  high  fertility 
level  for  most  or  all  of  her  adult  life.  Also,  it  would 
be  advantageous  for  copulation  and/or  fertilization  to 
result  in  higher  fecundity  since  eggs  of  virgin  99  are 
non-productive.  Finally,  it  would  appear  beneficial  for 
virgin  99  to  live  longer  than  mated  99 ,  thus  increasing 
their  chance  of  copulation. 
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Table  10.  Comparisons  of  fecundity  and  of  life  span  between  isolated 
and  infertile  mated-for-life  Euschistus  servus  99. 


Variable 

Isolated  $9 

Infertile  mated- 
for-life  99 

Mann-Whitney 

U  values (Prob . ) 

Fecundity 

(eggs/9) 

12 

47 

64 

125 

89 

210 

174 

250 

180 

272 

10  .o(>o . 38) 

Life  span 

( days ) 

143 

139 

146 

144 

148 

202 

177 

236 

196 

244 

11.0(>0.45) 
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NOTES  ON  THE  DIATOM  FLORA  OF  KANE  COUNTY,  ILLINOIS 

I.  THE  FOX  RIVER  AT  ELGIN 

Louis  L.  Lipsey,  Jr. 

Department  of  Biological  Sciences 
Northern  Illinois  University 
Dekalb,  Illinois  60115 

Thirty-two  diatom  species  are  presented  in  a 
check  list  for  Kane  County,  Illinois.  Diatoms 
were  collected  using  phyco-periphyton  samplers 
and  their  abundance  recorded. 

The  University  of  Illinois  first  opened  their  biological 
station  at  Havana,  Illinois,  during  April,  1894.  Shortly 
thereafter,  Kofoid  (1897)  published  an  article  pertaining  to 
the  methods  and  field  apparatii  which  were  commonly  being 
used  in  the  plankton  studies.  Kofoid,  in  subsequent  years 
(1898,  1899),  reported  on  new  genera  and  species  which 
occurred  in  the  Illinois  River  at  that  time.  It  was  his  work 
that  probably  motivated  Phycologists  to  further  study  the 
algae  in  the  state  of  Illinois. 

The  first  list  of  Illinois  algae  was  published  by 
Britton  (1944).  Later,  in  1952,  The  Algae  of  Illinois 
(Tiffany  and  Britton,  1952)  appeared,  providing  descriptions, 
keys,  and  figures  for  all  forms.  Since  that  time,  work  by 
Dillard,  Weik.  and  Mohlenbrock  (1963),  and  by  Dillard  and 
Tindall  (1973)  have  added  new  species  to  the  previous  lists. 

Dillard  and  Mohlenbrock  (1962);  Weik  and  Mohlenbrock 
(1963);  Ricker,  Mester,  and  Weik  (1964);  Weik  (1966);  and 
Grady  (1974)  have  presented  algal  lists  which  are  county 
specific,  although  nothing  has  appeared  on  the  algae  of  Kane 
County,  Illinois.  For  the  most  part  the  arrangement  of  the 
taxa  in  the  check  list  follow  a  plan  used  by  Prescott  (1970). 
Along  with  each  species  cited,  quantitative  data  will  be 
presented  which  may  benefit  researchers  in  the  future. 

MATERIALS  AND  METHODS 

Collections  were  made  in  June,  July,  and  August  of  1974 
using  a  nphyco-periphyton  collector"  (Foerster,  1969).  All 
samples  collected  were  divided  into  separate  slurries, 
whereupon  subsamples  were  selected  at  random.  Permanent 
diatom  mounts  were  made  as  prescribed  by  Patrick  and  Reimer 
(1966).  Diatom  identification  was  performed  using  the 
following  taxonomic  keys:  Hustedt  (1930),  Cleve-Euler  (1951- 
1955),  and  Patrick  and  Reimer  (1966). 
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Quantitative  data  were  determined  by  using  the  following 
formula: 


#  organisms/m  = 


Ns 

(AB/C  x  D  x  1/E)  x  S 


x  10 


where 


A 

B 

C 

D 

E 

S 

Ns 


volume  of  subsample  analyzed 
area  of  slides  (substrate)  , 
total  volume  of  slurry  in  cnr 
area  of  one  strip  counted 
area  of  coverslip 
#  of  strips  counted 
average  #  organisms  counted  per 
sweep 


Checklist  of  Diatoms 

Nomenclature  follows  that  of  Hustedt  (1930)  and  Patrick  and 
Reimer  (1966).  Taxa  in  checklist  are  arranged  according  to 
the  plan  used  by  Prescott  (1970). 

Phylum  Chrysophyta 

Class  Bacillariophyceae 
Order  Centrales 

Family  Coscinodiscaceae 


7-  9-74 
7-22-74 

7- 28-74 

8- 12-74 

240.00 

264.80 

305.50 

81.80 

Melosira  granulata 

7-  9-74 
7-22-74 

7- 28-74 

8- 12-74 

0.10 

5.40 

41.10 

10.00 

Melosira  granulata 

7-  9-74 
7-22-74 

7- 28-74 

8- 12-74 

9.80 

127.40 

83.50 

15.60 

Melosira  varians  C 

7-  9-74 

7- 28-74 

8- 12-74 

1.30 

0.10 

0.10 

x 

x 


lol  cells/m^ 
lol  cells/m^ 


x 

X 

X 

X 


10 L  cells/m‘ 
104  cells/m: 
IO4  cells/m: 
10'  cells/m' 


x  lOi  cells/m! 
lol  cells/m! 
lol  cells/m' 
1  cells/m' 


x 

X 


x  lol  cells/m 
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Cyclotella  atomus  Hust. 


7-  9-74  35.30  x  10 Z.  cells/mS 

7-22-74  94.80  x  10'  cells/m, 

7- 28-74  93.90  x  10'  cells/m, 

8- 12-74  17.20  x  10 '  cells/nT 


Cyclotella  meneghiniana  Kuetzing 


7-  9-74  45.10  x  loZ  cells/m^ 
7-22-74  382.80  x  101  cells/m, 

7- 28-74  246.90  x  10'  oells/m; 

8- 12-74  43.40  x  10 '  cells/nT 


Cyclotella  pseudostelligera  Hust. 

7-22-74  22.20  x  107  cells/m2 

Family  Coscinodiscaceae 

Stephanodiscus  hantzschii  Grunow 

7-  9-74  223.50  x  10^  cells/m^ 

7-22-74  266.40  x  lo'  cells/m, 

7- 28-74  180.00  x  101  cells/m, 

8- 12-74  40.90  x  10 '  cells/V 

Stephanodiscus  niagarae  Ehrenberg 

7-  9-74  42.10  x  loZ  cells/m^ 

7-22-74  63.10  x  loZ  oells/m, 

7- 28-74  28.20  x  101  cells/m, 

8- 12-74  7.30  x  10'  cells/np 

Stephanodiscus  minutus  (Kutz.)  Grun. 
7-  9-74  8.90  x  107  cells/m2 


Order  Pennales 

Family  Diatomaceae 

Diatoma  hiemale  (Lyngbye)  Heiberg 

7-  9-74  0.10  x  107  cells/m2 


Diatoma  vulgaris  Bory 

7-22-74  5.00  x  107  cells/m2 

7-28-74  2.00  x  10 1  cells/nT 

Family  Fragilariaceae 

Fragilarla  brevistriata  A-Boyer 

7-  9-74  3.10  x  107  cells/m2 
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Fragilaria  crotonensis  Kitton 


7-  9-74  1.50  x  loZ  cells/m? 
7-28-74  3.00  x  10  1  cells/nT 


Synedra  vaucherlae  Kutz. 

7-  9-74  0.45  x  107  cells/m2 

Asterionella  formosa  Hassall 

7-  9-74  11.60  x  loZ  cells/mZ 

7-22-74  11.50  x  104  cells/m, 

7- 28-74  5.90  x  104  oells/m, 

8- 12-74  2.60  x  10 '  cells/nT 


Family  Achnanthaceae 

Rhoicosphenla  curvata  (Kuetzing)  Grunow 


7-  9-74 
7-22-74 

7- 28-74 

8- 12-74 


1.20  x  loZ  cells/m? 
0.90  x  lol  cells/mp 
2.40  x  101  cells/nu 
0.80  x  10'  cells/nr 


Cocconeis  placentula  (Ehr.) 


7-  9-74 
7-22-74 

7- 28-74 

8- 12-74 


7  9 

6.00  x  101  cells/m9 

13.60  x  loi  cells/m9 

30.50  x  104  cells/m9 

7.20  x  10'  cells/in 


Family  Naviculaceae 

Navicula  cryptocephala  Kutz. 

7-  9-74  0.94  x  10Z  cells/mZ 

7-22-74  6.83  x  104  cells/m, 

7- 28-74  4.60  x  104  cells/m, 

8- 12-74  1.90  x  10'  cells/m^ 


Navicula  cryptocephala  var.  veneta  (Kutz.) 
Grun. 


7-  9-74  0.15  x  loZ  oells/m? 
7-22-74  1.94  x  104  cells/m, 
7-28-74  1.50  x  10 '  cells/m'' 


Navicula  graciloides  A.  Mayer 


7-  9-74 

2.23 

X 

10Z 

cells/m 

7-22-74 

10.08 

X 

104 

cells/m 

7-28-74 

11.30 

X 

107 

cells/m 

8-12-74 

8.50 

X 

10' 

cells/m 

2 

2 

2 

2 
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Naviaula  rhyncocephala  Kutz. 


7-  9-74  7.38  x  lol  cells/m^ 

7-22-74  25.08  x  10 l  cells/nu 

7- 28-74  27.20  x  lo'  cells/m^ 

8- 12-74  9.30  x  10'  cells/nT 

Family  Gomphonemataceae 

Gomphonema  olivaceum  (Lyngbye)  Kuetzing 

7-  9-74  0.84  x  107 8  cells/m2 

Gomphonema  bohemicum  Reichelt  &  Fricke 

7-  9-74  o.05  x  107  cells/m2 

Family  Cymbella.ceae 

Cymbella  aff inis  Kutz. 


7-  9-74 
7-22-74 

7- 28-74 

8- 12-74 


1.40  x  loZ  cells/m? 
3.70  x  lol  cells/nu 
2.60  x  lOi  cells/nu 
2.00  x  10  cells/nT 


Amphora  ovalis  var.  pediculus  Kutz. 
8-12-74 


1.20  x  107  cells/m2 


Family  Nitzschiaceae 

Nitzschia  acicularis  (Kuetzing)  Wm.  Smith 

7-  9-74  2.80  x  107  cells/m2 

7-22-74  4.50  x  lol  cells/nu 

7- 28-74  15.60  x  101  cells/m^ 

8- 12-74  2.80  x  10'  cells/nT 

Nitzschia  apiculata  (Gregory)  Grun. 

7-  9-74  o.03  x  107  cells/m2 

Nitzschia  palea  (Kuetzing)  Wm.  Smith 

7-  9-74  9.60  x  107  cells/m2 

7-22-74  34.50  x  101  cells/nC 

7- 28-74  28.00  x  lo'  cells/m^ 

8- 12-74  7.90  x  10 '  cells/nT 

Nitzschia  sigma  (Kutz.)  Wm.  Smith 
7-22-74  0.60  x  107  cells/m2 
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Nltzschia  sigmoidea  (Nitzsch)  Wm.  Smith 

7-  9-74  0.28  x  loZ  cells/m2 
7-28-74  0.60  x  10 '  cells/nT 


Family  Surirellaceae 

Suriella  ovata  Kuetzing 

7-  9_74  o.03  x  107  cells/m2 

DISCUSSION 

The  phyco-periphyton  artificial  substrate  samplers  were 
suspended  in  the  main  flow  areas  of  the  lotic  environment 
and  were  left  to  be  colonized  for  two  weeks.  Since  the 
artificial  substrates  were  placed  in  various  positions, 
there  was  considerable  variation  in  the  number  of  cells 
from  one  sampling  time  to  another. 


The  recorded  estimates  of  periphytic  production 
represent  only  colonization  rates  of  the  plankton  diatoms. 
The  ability  of  a  diatom  to  colonize  the  sampler  is  in  part 
dependent  on  the  diatom1 s  concentration  in  the  water  column. 
If  a  particular  species  is  present  in  low  concentrations, 
the  chances  of  it  colliding  with  and  colonizing  a  sampler 
are  reduced.  As  the  concentrations  of  the  plankton  diatoms 
no  doubt  varied  from  one  week  to  the  next,  differences  in 
colonization  rates  occurred,  thus  varying  cell  numbers  from 
one  time  to  another.  If  a  particular  species  were  at  a 
very  low  concentration,  it  would  probably  not  be  found  on 
the  sampler.  This  could  explain  the  absence  of  some  diatom 
species  on  particular  sampling  dates. 
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ABSTRACT 


Eighty-four  new  records  of  vascular  plants  are 
reported  for  Hancock  County,  Illinois.  Of  these,  49% 
are  aliens  and  51%  native  plants.  It  is  suggested  that 
the  relatively  high  percentage  of  aliens  represents 
an  influx  into  the  flora  of  non-native  species  primarily 
due  to  man's  activities  resulting  in  disturbed  habitats. 

Some  of  these  record  species  are  common  throughout 
Illinois  but  some  are  disjunct  or  on  the  edge  of  their 
Illinois  distribution.  In  addition,  14  new  species 
are  reported  which  are  casual  escapes  from  cultivation 
and  may  not  yet  be  naturalized  in  the  county  flora. 

Kibbe  in  1952  published  a  catalogue  of  the  vascular  plants  of  Hancock 
County,  Illinois,  collected  principally  by  herself  and  seven  others  cover¬ 
ing  a  period  of  119  years  from  1833  to  1952.  Since  that  date  there  have 
been  additions  to  the  vascular  flora  of  the  county  published  by  Jones 
and  Fuller  (1955)  and  by  Winterringer  and  Evers  (1960).  In  addition, 
other  county  records  for  the  monocots  (exclusive  of  the  Cyperaceae)  and 
ferns  have  been  cited  by  Mohlenbrock  (1967,  1970a,  1970b,  1972,  1973) 
and  recently  for  the  Orchidaceae  by  Sheviak  (1974)  and  vascular  hydrophytes 
by  Dolbeare  and  Ebinger  (1974).  From  collections  made  primarily  between 
1965  and  1974  by  persons  working  at  the  A.L.  Kibbe  Life  Science  Station 
of  Western  Illinois  University  at  Warsaw,  additional  records  for  the 
county  have  been  made  and  are  reported  here.  All  specimens  are  deposited 
in  the  herbarium  at  the  Station  (WARK).  Nomenclature  follows  that  of 
Jones  (1963). 

Eighty-four  new  records  for  the  county  are  listed,  including  the 
location,  habitat,  collector  and  collection  number,  date,  and  when  neces¬ 
sary,  a  notation  concerning  its  occurrence.  An  asterisk  preceding  the 
name  indicates  the  species  as  an  alien  based  on  Myers  (1972).  The  species 
collected  represent  35  families  (23  dicot,  10  monocot,  2  fern  and  fern 
allies).  Of  the  species  collected  2  were  fern  or  fern-allies,  24  mono¬ 
cots,  and  58  dicots,  the  latter  group  comprised  of  53  herbaceous  and  5 
woody  plants.  The  Compositae  with  11  species  represented  the  largest 
family  followed  by  the  Cruci ferae  and  Gramineae  with  8  species  each. 

It  is  interesting  to  note  that  of  the  84  new  species  41  (48.8%)  are 
alien  and  43  (51.2%)  are  native  plants.  This  relatively  high  proportion 
of  alien  species  probably  reflects  the  destruction  of  native  plant  habi¬ 
tats  by  man's  activities  (principally  associated  with  agricultural  practices) 
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and  the  replacement  in  these  disturbed  areas  by  alien  disturbophytes: 
the  net  result  being  the  flora  composed  of  an  increasing  percent  of 
non-native  species.  Of  the  41  aliens  16  (39.0%)  were  found  along  rail¬ 
roads  and  12  (29.3%)  were  found  along  roads;  thus  about  68%  were  growing 
along  the  major  transportation  routes  of  man's  commerce  thereby  being 
introduced  into  the  flora. 

The  list  includes  some  species  disjunct  from  their  reported  Illinois 
distribution  as  Silene  virginica  L.  and  Lysimachia  vulgaris  L.  (disjuncts 
from  eastern  II 1 i no i s )  and  Juncus  secundus  Beauv.  (disjunct  from  southern 
Illinois);  some  species  on  the  northern  edge  of  their  major  Illinois  dis¬ 
tribution  as  Ambrosia  bidentata  Michx.,  Tradescantia  bracteata  Sm.,  Draba 
brachycarpa  Nutt.,  and  Heuchera  hirsuticaul is  (Wheel ock)  Rydb;  and  some 
species  on  the  southwestern  edge  of  their  Illinois  distribution  as  Carex 
lasiocarpa  Ehrh. ,  Descurainia  sophia  (L. )  Webb  and  Mentha  cardiaca 
Gerarde  ex  Baker. 

Kibbe  (1952,  pp.  73-74)  lists  55  species  recorded  for  the  first  time 
by  Dr.  Gates  for  Hancock  County  but  states  they  cannot  be  recorded  as 
parts  of  the  flora  since  there  were  no  specimens  available  for  verifica¬ 
tion.  Six  of  these  species  are  included  in  this  report:  Sisyrinchium 
albidum  Raf . ,  Lepidium  campestre  (L. )  R .  Br. ,  Convol vul us  arvensis  L . , 

He!  ianthus  petiolans  Nutt. ,  Ambrosia  bidenta ta  Michx. ,  and  Grindel  ia 
squarrosa  (Pursh)'  Dunal  . 


FERN  AND  FERN  ALLIES 


Isoetaceae 

Isoetes  melanopoda  Gay  &  Dur.  2  mi  SE.  of  Hamilton;  ditch  along  rail¬ 
road  tracks.  Hartman  718,  July  5,  1967. 

Polypodiaceae 

Dryopteris  spinulosa  (O.F.  Muell)  Watt.  W.I.U.  Kibbe  Life  Science 

Station,  Warsaw;  damp  shady  wooded  hillside.  Henry  3866,  May  31, 
1971. 


DICOTYLEDONEAE 


Berberidaceae 

*Berberis  thunbergii  DC.  W.I.U.  Kibbe  Life  Science  Station,  Warsaw; 

wooded  hillside.  Henry  1302,  May  8,  1966.  Persistent  distant  from 
cul tivation. 


Cannabinaceae 

*Humu1us  japonicus  Sieb.  &  Zucc.  S.  of  Hamilton;  along  railroad  tracks. 
Hartman  774,  June  30,  1967. 

Caryophyl laceae 

*Arenaria  serpylli folia  L.  About  3  mi.  S.  of  Nauvoo;  roadside.  Henry 
1873,  May  21,  1967. 
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*Dianthus  armeria  L.  W.I.U.  Kibbe  Life  Science  Station,  Warsaw;  edge  of 
woods  along  highway.  Hartman  300,  June  18,  1967. 

*Silene  noctiflora  L.  W.I.U.  Kibbe  Life  Science  Station,  Warsaw;  along 
railroad,  Henry  &  Wunderlin  354,  June  28,  1965. 

Silene  virginica  L.  W.I.U.  Kibbe  Life  Science  Station,  Warsaw;  wooded 
hill,  Hartman  262,  May  25,  1967. 

Chenopodiaceae 

*Chenopodium  pratericola  Rydb.  W.I.U.  Kibbe  Life  Science  Station,  Warsaw; 
roadside.  Henry  &  Wunderlin  560,  July  30,  1965. 

*Kochia  scoparia  (L.)  Roth.  NE.  of  Elvaston;  dry  ground  by  railroad. 

Henry  897,  Sept.  10,  1966. 


Compos i tae 

Ambrosia  bidentata  Michx.  E.  of  Carthage;  edge  of  highway.  Henry  1903, 
Aug.  20,  1967. 

Aster  ontarionis  Wieg.  W.I.U.  Kibbe  Life  Science  Station,  Warsaw;  woods. 
Henry  756,  Sept.  25,  1965. 


Bidens  polylepis  Blake.  W.I.U.  Kibbe  Life  Science  Station,  Warsaw,  edge 
of  stream.  Henry  676,  Sept.  5,  1965. 


*Carduus  nutans  L.  Elvaston;  waste  ground  by  railroad.  Henry  3218, 

June  4,  1968. 

*Grinde1ia  squarrosa  (Pursh)  Dunal .  1  mi.  from  Hamilton;  roadside.  Henry 

&  Wunderlin  561,  Aug.  2,  1965. 

*Helianthus  petiolaris  Nutt.  E.  of  Niota;  by  railroad.  Henry  3466, 

Sept.  27,  1969. 


^Matricaria  chamomilla  L.  Park  at  Warsaw;  waste  ground.  Henry  3682, 
May  24,  1970. 


^Taraxacum  erythrospermum  Andrs.  W.I.U.  Kibbe  Life  Science  Station,  Warsaw; 
stream  bed.  Henry  &  Wunderlin  327,  June  25,  1965. 


*Tragopogon  dubius  Scop.  E.  of  Hamilton;  roadside.  Henry  2021,  May  21, 
1  967. 


*Tragopogon  porrifolius  L.  Elvaston;  by  street,  upland  timber  soil.  Kibbe 
unnumbered,  Sept.  5,  1927.  Dr.  Kibbe  stated  "An  escape,  rarely  escapes 
here" . 

Vernonia  al tissima  Nutt.  Warsaw  Sand  Hills,  Warsaw.  Henry  1537,  Aug.  15, 
1966. 
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Convol vulaceae 


^Convolvulus  arvensis  L.  Between  Elvaston  and  Hamilton;  by  railroad. 
Henry  1470,  July  11,  1966. 

Cuscuta  polygonorum  Engelm.  Near  Bear  Creek,  S.  of  Elvaston;  wet  ground 
by  pond  on  Polygonum  sp.  Henry  2732,  Sept.  21,  1968. 

Crassulaceae 

*Sedum  sarmentosum  Bunge.  By  Chaney  Creek  N.  of  Hamilton;  limestone 
bluff.  Henry  3798,  Aug.  18,  1970.  Well  established  at  this  loca¬ 
tion. 


C rue i ferae 

*Brassica  kaber  (DC.)  L.C.  Wheeler.  E.  of  Bentley;  waste  ground  at  edge 
of  field.  Henry  3614,  May  24,  1970. 

*Came1ina  microcarpa  Andrz.  2  mi.  SE.  of  Hamilton;  railroad  tracks. 
Hartman  599,  July  5,  1967. 

*Cardaria  draba  (L.)  Desv.  S.  of  Augusta;  railroad  prairie.  Henry  2005, 
May  27,  1967. 

*Descurainia  sophia  (L.)  Webb.  Between  Dallas  City  and  Pontoosuc;  by 
railroad.  Henry  3521,  May  20,  1969. 

Draba  brachycarpa  Nutt.  Sec.  22,  Hancock  Township;  old  field.  Henry 
3922,  April  8,  1973. 

*Erysimum  repandum  L.  Elvaston;  waste  qround  by  railroad.  Henry  2708, 
May  30,  1968. 

*Lepidium  campestre  (L.)  R.  Br.  S.  of  Auqusta;  railroad  prairie.  Henry 
1433,  May  '27,  1 967 . 

*Rorippa  sylvestris  (L.)  Besser.  2.4  mi.  S.  of  Nauvoo;  edge  of  river. 
Hartman  815,  June  29,  1967. 

Ill ecebraceae 

Paronychia  fastigata  (Raf.)  Fern.  W.I.U.  Kibbe  Life  Science  Station, 
Warsaw;  along  railroad.  Henry  &  Wunderlin  404,  July  7,  1965. 

Labiatae 

*Lamium  amplexicaule  L.  Between  Hamilton  and  Nauvoo;  roadside.  Henry 
1839,  April  23,  1967. 

*Lamium  purpureum  L.  Between  Hamilton  and  Nauvoo;  roadside.  Henry  1844, 
April  23,  1967. 

*Mentha  cardiaca  Gerarde  ex  Baker.  La  Harpe;  edge  of  La  Harpe  Lake. 

Henry  1494,  July  31,  1966. 
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*Mentha  qentilis  L.  By  Bear  Creek  S.  of  Elvaston;  wet  ground.  Henry  3289, 
Sept.  21,  1968. 


*Peri11a  frutescens  (L.)  Britt.  About  5  mi.  SE.  of  Warsaw  by  barn  on  Ray 
Bunte  farm;  waste  ground.  Henry  2265,  Aug.  9,  1966. 

Physostegia  speciosa  Sweet.  2.4mi.  S.  of  Nauvoo;  wet  sandy  soil.  Hartman 
831,  Aug.  3,  1967. 


Leguminosae 

Desmodium  glabellum  (Michx.)  DC.  W.I.U.  Kibbe  Life  Sciences  Station, 

Warsaw;  woods.  Henry  &  Wunderlin  606,  Aug.  4,  1965. 

Desmodium  rigidum  (Ell.)  DC.  W.I.U.  Kibbe  Life  Science  Station,  Warsaw; 
open  ground.  Henry  &  Wunderlin  525,  July  23,  1965. 

*Lotus  corniculatus  L.  South  of  Hamilton  by  railroad  crossing  at  Hamilton 
Slough;  roadside.  Henry  2473,  June  22,  1968.  Persistent. 

*Vicia  das.ycarpa  Ten.  Plymouth;  waste  ground  by  railroad.  Henry  3230, 

June  1 ,  1 968. 

*Vicia  villosa  Roth.  NW.  of  La  Crosse;  waste  ground  by  road.  Henry 
3229,  June  1,  1968. 

Lythraceae 

Ammannia  auriculata  Willd.  W.  of  Pontoosuc;  in  shallow  water  of  Mississippi 
River.  Henry  3525,  Oct.  19,  1969. 

Oxal idaceae 

Oxalis  dillenii  Jacq.  Hamilton;  waste  ground  by  sidewalk.  Henry  1742, 

Aug.  16,  1966. 


Plantaginaceae 

*P1antago  major  L.  Hamilton;  waste  ground  by  sidewalk.  Henry  1743, 
Aug.  16,  1966. 


Polygonaceae 

Rumex  triangul ival vis  (Danser)  Rech.f.  W.I.U.  Kibbe  Life  Science  Station, 
Warsaw;  waste  ground  by  barn.  Henry  &  Wunderlin  392,  June  28,  1965. 

Primulaceae 

Lysimachia  terrestris  (L.)  BSP.  Nauvoo;  in  water  in  swamp.  Henry  1427, 
June  3,  1967. 

*Lysimachia  vulgaris  L.  Nauvoo;  wet  ground  near  Mississippi  River. 
Hartman  1234,  Aug.  3,  1967. 
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Ranunculaceae 


Thalictrum  h.ypoglaucum  Rydb.  Hamilton  Slough  S.  of  Hamilton;  wet  ground. 
Henry  &  Wunderlin  569,  Aug.  2,  1965. 

Rosaceae 

Prunus  lanata  (Sudw.)  Mack.  &  Bush.  W.I.U.  Kibbe  Life  Science  Station, 
Warsaw;  edge  of  woods  along  old  road.  Henry  &  Wunderlin  386,  June 
28,  1965. 

*Pyrus  communis  L.  W.I.U.  Kibbe  Life  Science  Station,  Warsaw;  woods. 

Henry  767,  Sept.  25,  1965.  There  are  several  other  scattered  trees 
in  the  area  and  so  this  species  is  considered  able  to  persist. 

*Rosa  multiflora  Thunb.  W.I.U  Kibbe  Life  Science  Station,  Warsaw;  edge 
of  stream.  Henry  and  Wunderlin  328,  June  25,  1965.  Persistent  and 
apparently  spreading. 


Rubiaceae 

Galium  obtusum  Biqel.  3  mi.  ME.  of  Elvaston;  moist  ground  near  railroad 
tracks.  Hartman  652,  July  1,  1967. 

Saxifragaceae 

Heuchera  hi rsuticaul is  (Wheelock)  Rydb.  W.I.U.  Kibbe  Life  Science  Station, 
Warsaw;  eroded  hillside.  Henry  193,  May  20,  1965. 

Ulmaceae 

*Ulmus  pumila  L.  Colusa;  waste  ground  by  railroad.  Henry  2266,  Sept.  17, 

1967.  Persistent  and  spreading. 

Umbel  1 i ferae 

*Anetheum  graveolens  L.  Colusa;  railroad  ballast.  Henry  2484,  June  22, 

1968.  Persistent. 

Cicuta  bulbifera  L.  3  mi .  S.  of  Nauvoo;  moist  ground  by  swamp.  Martin 
41,  Aug.  2,  1967. 


Violaceae 

Viola  missouriensis  Greene.  W.I.U.  Kibbe  Life  Science  Station,  Warsaw; 
low  damp  ground  in  woods.  Henry  1878,  May  8,  1966. 

M0N0C0TYLED0NEAE 

A1 i smaceae 

Sagittaria  calycina  Engelm.  Several  miles  S.  of  Niota;  mud.  Henry  1985, 
Sept.  17,  1967. 
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Sagittaria  cuneata  Sheld.  Hamilton  Slough  S.  of  Hamilton;  swamp.  Henry 
&  Wunderlin  570,  Aug.  2,  1965. 

Commel i naceae 

Tradescantia  bracteata  Sm.  Between  Pontoosuc  and  Niota;  by  railroad, 
Henry  3478,  May  31,  1969. 


Cyperaceae 

Carex  gracilescens  Steud.  W.I.U.  Kibbe  Life  Science  Station,  Warsaw; 
woods.  Henry  144,  May  2,  1965. 

Carex  lasiocarpa  Ehrh.  W.  of  Elvaston;  ditch  by  railroad.  Henry  2825, 
May  30,  1968. 

Carex  projecta  Mack.  Between  Pontoosuc  and  Niota;  wet  ground  in  ditch  by 
railroad.  Henry  3575,  May  31,  1969. 

Eleocharis  calva  Torr.  W.I.U.  Kibbe  Life  Science  Station,  Warsaw;  wet 
ground.  Henry  235,  May  27,  1965. 

Eleocharis  engelmanni  Steud.  Between  Elvaston  and  Hamilton;  by  railroad. 
Henry  1329,  July  11,  1966. 


Gramineae 

*Aegilops  cyl indrica  Host.  Plymouth;  waste  ground  by  railroad.  Henry 
2920,  May  26,  1968.  Casual  railroad  migrant. 

Andropogon  virginicus  L.  W.I.U.  Kibbe  Life  Science  Station,  Warsaw;  old 
field.  Henry  1413,  April  24,  1966. 

*Chloris  verticil  lata  Nutt.  East  of  Niota;  by  railroad.  Henry  3573, 

Sept.  27,  1969. 

Leptoloma  cognatum  (Schultes)  Chase.  Warsaw  Sandhills,  Warsaw;  open  ground. 
Henry  &  Wunderlin  619,  Aug.  5,  1965. 

Paspalum  pubescens  Muhl .  Due  S.  of  Mallard;  upland  woods.  Kibbe  unnumbered, 
(as  P_.  muhlenbergii  Nash).  Aug.  29,  1921  . 

Paspalum  stramineum  Nash.  S.  of  Warsaw;  sand  dike.  Henry  2246,  July  28, 
1966. 

Sporobolus  cryptandrus  (Torr.)  Gray.  S.  of  Warsaw;  sand  dike.  Henry 
2221,  July  28,  1966. 

Triplasis  purpurea  (Walt.)  Chapm.  S.  of  Warsaw;  sand  dike.  Henry  2223, 

Sept.  1 0 ,  1 966. 
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Iridaceae 


Sisyrinchium  albidum  Raf.  W.I.U.  Kibbe  Life  Science  Station,  Warsaw; 
edge  of  woods.  Henry  2196,  May  27,  1967. 

Juncaceae 

Juncus  secundus  Beauv.  W.I.U.  Kibbe  Life  Science  Station,  Warsaw;  dry 
ground,  open  rocky  hillside  of  road  cut.  Hartman  627,  628,  July  3, 
1967. 


Lemnaceae 

Wolffia  pa  pul  if era  C.H.  Thompson.  S.  of  Nauvoo,  mouth  of  Larry  Creek; 
floating.  Henry  3955,  Sept.  29,  1973. 

Li  1 iaceae 

*A1 1 ium  sativum  L .  W.I.U.  Kibbe  Life  Science  Station,  Warsaw;  open  waste 
ground  at  edge  of  highway.  Henry  1468,  July  8,  1966.  Persistent 
and  apparently  established. 

*Lilium  tigrinum  Ker.  W.I.U.  Kibbe  Life  Science  Station,  Warsaw;  road¬ 
side.  Henry  3751,  July  22,  1970.  Persistent  and  apparently  estab¬ 
lished.  Two  earlier  collections  (Henry  &  Wunderlin  534  in  1965  and 
Hartman  1242  in  1967)  have  not  been  accepted  as  persistent  distant 
from  a  dwel ling. 

Trillium  grandiflorum  (Michx.)  Salisb.  W.I.U.  Kibbe  Life  Science  Station, 
Warsaw;  creek  bank.  C.  Hartman  667,  May  7,  1967. 

Orchidaceae 

Coral! orhiza  odontorhiza  (Wi lid.)  Nutt.  Several  miles  N.  of  St.  Mary; 
woods.  Henry  1416,  Sept.  12,  1963. 

Typhaceae 

Typha  angusti folia  L.  S.  of  Warsaw;  swamp.  Henry  1232,  June  28,  1967. 

The  following  list  of  previously  unreported  14  alien  plants  have  been 
found  growing  as  anthropogenetic  relicts,  or  casual  escapes  from  cultiva¬ 
tion  growing  away  from  dwellings  or  places  of  cultivation  and  are  not 
necessarily  naturalized  in  the  county  flora. 

Caprifol iaceae 

*Lonicera  xylosteum  L.  S.  edge  of  Carthage;  prairie  soil  by  railroad. 
Henry  2525,  July  28,  1968. 
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Dipsacaceae 


*Dipsacus  laclniatus  L.  La  Harpe;  edge  of  slough.  Cortelyou  and  Henry 
unnumbered,  June  26,  1967.  Persistent  as  an  escape  from  a  nearby 
cemetery. 


Leguminosae 

*G1,ycine  max  (L.)  Merr.  W.I.U.  Kibbe  Life  Science  Station,  Warsaw;  waste 
ground  by  pond.  Henry  1249,  June  30,  1967. 

Mai vaceae 

*Althea  rosea  (L.)  Cav.  About  3  mi.  N.  of  Hamilton;  edge  of  highway. 
Henry  1423,  July  13,  1966. 


01 eaceae 

*Syringa  vulgaris  L.  W.I.U.  Kibbe  Life  Science  Station,  Warsaw;  wooded 
hillside.  Henry  1514,  May  8,  1966. 

Polygonaceae 

*Fagopyrum  esculentum  Moench.  W.I.U.  Kibbe  Life  Science  Station,  Warsaw; 
edge  of  woods.  Henry  765,  Sept.  25,  1965. 

Rosaceae 

*Malus  pumila  Mill .  W.I.U.  Kibbe  Life  Science  Station,  Warsaw;  rail¬ 
road  tracks.  Kibbe  unnumbered  (as  Pyrus  malus  L.),  April  29,  1922; 
rocky  hillside,  Henry  1052,  Sept.  10,  1966. 

*Prunus  persica  (L.)  Batsch.  W.I.U.  Kibbe  Life  Science  Station,  Warsaw; 
edge  of  road.  Henry  1300,  May  1,  1966. 

Solanaceae 

*Lycopersicum  esculentum  Mill.  W.  of  Dallas  City;  wet  sandy  shore  of  the 
Mississippi  River.  Henry  3542,  Oct.  19,  1969. 

Gramineae 

*Triticum  aestivum  L.  S.  of  Augusta;  by  railroad.  Henry  1590,  May  27, 
1967. 

*Zea  mays  L.  W.I.U.  Kibbe  Life  Science  Station,  Warsaw;  roadside.  Henry 
&  Wunderlin  434,  July  8,  1965. 

Iridaceae 

*Iris  germanica  L.  Plymouth;  by  railroad.  Henry  2463,  May  26,  1968. 


355 


Lil iaceae 


*Conval1aria  majalis  L.  SW.  of  Pontoosuc;  roadside  (anthropogenetic 
re'l  tct).  Henry  3918,  May  5,  1973. 

*Yucca  filamentosa  L.  W.I.U.  Kibbe  Life  Science  Station,  Warsaw;  open 
old  field.  Henry  811,  Oct.  23,  1965. 
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FOOD  PREFERENCES  OF  THE  BROOK  STICKLEBACK, 

CULAEA  INCONSTANS ,  BASED  ON  FISH  SIZE3 

William  S.  Vinikour^ 

Department  of  Biological  Sciences,  Northern  Illinois  University, 

Dekalb,  Illinois  60115 

Abstract.  FOOD  PREFERENCES  OF  THE  BROOK  STICKLEBACK, 

CULAEA  INCONSTANS ,  BASED  ON  FISH  SIZE.  An  investiga¬ 
tion  of  the  macroinvertebrate  food  preferences  of  the 
brook  stickleback  based  on  fish  size  was  made.  For 
all  size  groupings,  the  sticklebacks  were  selective 
in  their  feeding  behavior.  The  most  noted  trend  was 
an  increase  in  the  percentage  of  snails  in  the  diet 
as  fish  size  increased,  with  an  accompanying  decrease 
in  the  percentage  of  Ceratopogonidae  and  nematodes. 

No  trends  were  observed  in  the  occurrence  of  empty 
stomachs  or  the  occurrence  of  plant  material  in  the 
stomachs  as  fish  size  increased. 

Several  studies  have  determined  the  foods  of  the  brook  stickleback, 
Culaea  inconstans.  Notable  are  Cahn,  1924  (small,  non-aquatic  insects 
that  fall  into  the  water),  Dymond,  1926  (midge  and  caddisfly  larvae  and 
ostracods) ,  Nurnberger,  1928  (algae,  sponges,  entomostracans,  insects 
and  their  larvae),  and  Winn,  1960  (aquatic  organisms,  with  insects, 
principally  larvae,  and  crustaceans  being  the  two  most  abundant  kinds  of 
food  with  the  following  being  taken  in  lesser  quantities:  snails,  water 
mites,  algae,  fish  eggs,  and  oligochaetes) .  The  present  study  was 
conducted  to  investigate  how  the  brook  stickleback's  feeding  habits  were 
influenced  by  fish  size,  with  determinations  made  as  to  whether  the  fish 
were  random  or  selective  feeders  within  selected  size  groupings. 

MATERIALS  AND  METHODS 


Brook  sticklebacks  were  collected  for  analysis  on  October  5  and  18, 
1973  in  a  small  pond  adjoining  Coon  Creek,  9.7  miles  east  of  Genoa  on 
Hwy.  72,  Kane  Co.,  Illinois  at  approximately  11:00  a.m.  each  day.  The 
dominant  vegetation  in  the  pond  was  EtocLea  sp.  with  an  abundant  covering 
of  Lemna  minor.  Water  temperatures  were  11  and  12°C.  respectively. 
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Fish  were  collected  with  a  six  foot  minnow  seine  with  one-quarter 
inch  mesh.  Upon  capture  fish  were  placed  in  a  10%  formalin  solution. 

The  fish  were  transferred  to  and  stored  in  40%  isopropyl  alcohol  in  the 
laboratory  until  analyzed. 

Prior  to  removal  of  the  stomach  contents,  the  standard  length  of 
each  fish  was  taken  to  the  nearest  0.05  mm  by  use  of  Helios  dial  calipers 
following  the  procedure  of  Hubbs  and  Lagler  (1970).  The  portion  of  the 
digestive  tract  from  behind  the  gills  to  the  pylorus  was  dissected  from 
each  fish,  and  the  contents  removed  and  identified. 

Types  and  numbers  of  each  food  item  were  recorded  for  each  fish. 
Identification  of  stomach  contents  was  made  to  the  lowest  practical 
taxonomic  level  using  Pennak  (1953) .  Contents  were  grouped  into  six 
general  categories:  1)  Gyraulus ,  2)  Physa,  3)  Ceratopogonidae , 

4)  Chironomidae,  5)  Nematoda,  and  6)  Miscellaneous. 

For  size  analysis  the  fish  were  grouped  into  seven  size  classes: 

1)  less  than  20.00  mm,  2)  20.00  to  24.95  mm,  3)  25.00  to  29.95  mm, 

4)  30.00  to  34.95  mm,  5)  35.00  to  39.95  mm,  6)  40.00  to  44.95  mm,  and 
7)  greater  than  or  equal  to  45.00  mm.  The  number  of  fish  analyzed  for 
each  group  respectively  were:  9,  76,  56,  17,  33,  42,  and  13. 

The  relative  abundance  of  food  items  was  calculated  for  each  fish 
size  class.  In  addition  summaries  of  the  percentages  of  fish  in  each 
size  class  with  plant  material  in  their  stomachs  and  with  empty  stomachs 
were  made  to  observe  if  these  factors  differed  with  increasing  fish 
size.  The  mean  number  of  organisms  per  stomach  for  each  size  class  was 
also  calculated. 

To  test  whether  each  size  group  fed  randomly  or  selectively,  chi 
square  analysis  was  made  comparing  the  relative  abundance  of  the  macro¬ 
invertebrates  in  stomachs  to  their  relative  abundance  in  the  habitat. 

The  habitat  of  the  sticklebacks  was  sampled  on  October  5  and  12, 

1973.  A  random  sample  on  each  date  of  approximately  three  gallons  of 
the  water  and  aquatic  vegetation  was  collected  by  vertically  lifting  a 
bucket  from  the  pond  bottom  obtaining  a  sample  of  the  water  and  vegeta¬ 
tion  in  the  water  column.  The  samples  were  brought  back  to  the  laboratory 
where  identification  of  the  macroinvertebrates  was  made  and  the  numbers 
of  each  recorded.  Relative  abundance  of  macroinvertebrates  in  the  pond 
community  was  calculated  and  compared  to  the  stomach  contents. 

RESULTS 


The  relative  abundance  of  the  macroinvertebrates  found  in  the  pond 
is  listed  in  Table  1.  The  community  was  dominated  by  snails  (60%), 
Chironomidae  (12.56%),  Ceratopogonidae  (11.73%),  and  nematodes  (3.54%). 
The  remainder  of  the  macroinvertebrate  species  encountered  were  in  such 
low  numbers  that  for  analysis  were  grouped  into  the  Miscellaneous  class 
totaling  12.44%  of  the  macroinvertebrate  fauna. 
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TABLE  1.  Relative  Abundance  of  Macroinvertebrates 


Organism* 

Number 

Relative 

Abundance 

Gyraulus  (Gastropoda) 

1299 

49.42% 

Chironomidae  (Diptera) 

333 

12.67 

Ceratopogonidae  (Diptera) 

311 

11.83 

Physa  (Gastropoda) 

256 

9.74 

GanvricrniS  (Amphipoda) 

127 

4.83 

Avgia  (Odonata:  Zygoptera) 

126 

4.79 

Nematoda 

93 

3.53 

Nymphula  (Lepidoptera) 

33 

1.25 

HaZipZus  (Coleoptera) 

24 

0.91 

Lymnaeidae  (Gastropoda) 

8 

0.30 

Veliidae  (Hemiptera) 

5 

0.19 

Dugesia  (Turbellaria) 

4 

0.15 

Ephemeroptera 

1 

0.03 

Mesoveliidae  (Hemiptera) 

1 

0.03 

Gerridae  (Hemiptera) 

1 

0.03 

99.6% 

*Isopoda ,  Naucoridae ,  Anisoptera , 

and  Tabanidae 

not  con- 

sidered  due  to  their  large  size. 


The  values  for  relative  abundance  of  organisms  in  the  stomach  con¬ 
tents  with  accompanying  number  of  individuals  for  each  size  class  are 
listed  in  Table  2.  The  major  observable  trends  are  an  increase  in  the 
abundance  of  snails  in  the  sticklebacks'  diet  as  fish  size  increases 
with  an  accompanying  decrease  in  ceratopogonids  and  nematodes.  Chirono- 
mids  remained  at  about  the  same  level  of  abundance  for  all  fish  size 
classes,  due  to  the  abundance  of  midges  in  the  pond  and  due  to  the 
different  sizes  of  midge  species  and  instars  which  can  be  consumed  by 
all  sizes  of  sticklebacks. 

The  individuals  consumed  from  the  Miscellaneous  group  consisted 
largely  of  small  Argia  and  Haliplus  larvae  which  were  fairly  easy  to 
obtain  and  small  enough  to  be  consumed.  The  group  shows  minor  fluctua¬ 
tions  through  the  size  classes,  but  essentially  maintains  a  minor  role 
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TABLE  2.  Relative  Abundance  and  Number  of  Food  Items 
for  Each  Size  Class  of  Stickleback 


Size  Class  (mm) 

Number 
of  Fish 
Examined 

Gyraulu8 

R.A.*  //** 

Phy8a 

R.  A.  // 

Ceratopogonidae 
R.A.  # 

Chironomidae 
R.A.  // 

Nematoda 
R.A.  0 

Misc. 
R.A.  // 

<20.00 

9 

0.00 

0 

0.00 

0 

0.50 

7 

0.21 

3 

0.29 

4 

0.00 

0 

20.00  -  24.95 

76 

0.10 

22 

0.00 

0 

0.49 

112 

0.16 

36 

0.23 

52 

0.03 

7 

25.00  -  29.95 

56 

0.20 

55 

0.01 

1 

0.47 

128 

0.15 

40 

0.11 

31 

0.07 

19 

30.00  -  34.95 

17 

0.44 

45 

0.00 

0 

0.23 

24 

0.26 

27 

0.00 

0 

0.06 

7 

35.00  -  39.95 

33 

0.69 

81 

0.03 

3 

0.08 

10 

0.19 

22 

0.01 

1 

0.01 

1 

40.00  -  44.95 

42 

0.63 

173 

0.05 

16*** 

0.08 

21 

0.19 

52 

0.02 

6 

0.03 

7 

>45.00 

13 

0.61 

52 

0.09 

8 

0.04 

3 

0.21 

18 

0.00 

0 

0.05 

4 

*R.A.  =  Relative  abundance. 

**#  =  Number  of  food  items  found  in  all  fish  stomachs  for  a  given  size  class. 
***Includes  one  Lymnaeidae. 


in  the  diet  of  the  sticklebacks  due  to  several  factors:  some  of  the 
macroinvertebrates  were  too  large  for  the  sticklebacks  to  consume;  some 
of  the  invertebrates,  such  as  Elophila ,  lived  in  cases  which  made  them 
difficult  to  obtain;  and  finally,  some  of  the  species,  such  as  Gammarus , 
were  too  mobile  for  the  sticklebacks  to  readily  obtain. 

Table  3  presents  the  species  observed  in  the  sticklebacks’  diet  by 
size  class. 


TABLE  3.  Species  Observed  in  the  Diet  of  the 
Brook  Stickleback  by  Size  Class 


Organisms  Observed  in  the  Sticklebacks*  Diet 


Size  Class  (mm)  Gyraulua  Phyaa  Lymnaeidae  Ceratopogonidae  Chironomidae  Nematoda  Argia  Haliplue  Nymphula  Cicadellidae  Ganrnarus  Isopoda 


<20.00 

- 

- 

- 

+ 

+ 

+ 

- 

- 

- 

- 

- 

- 

20.00  -  24.95 

+ 

- 

- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

- 

25.00  -  29.95 

+ 

- 

- 

+ 

+ 

+ 

+ 

+ 

+ 

- 

+ 

+• 

30.00  -  34.95 

+ 

- 

- 

+ 

+ 

- 

+ 

+ 

- 

- 

- 

- 

35.00  -  39.95 

+ 

+ 

- 

+ 

+ 

+ 

+ 

- 

- 

- 

- 

- 

40.00  -  44.95 

+ 

♦ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

- 

- 

- 

>45.00 

+ 

+ 

- 

+ 

+ 

- 

+ 

- 

+ 

- 

- 

- 

-  *  Not  observed . 
■f  «  Observed . 


Table  4  presents  the  values  for  the  mean  number  of  organisms  per 
fish,  percentage  of  empty  stomachs,  and  percentage  of  stomachs  with 
plant  material  for  each  size  class.  Except  for  one  class  the  numbers  of 
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TABLE  4.  Mean  Number  of  Organisms /Stomach,  Percentage  of 
Empty  Stomachs  and  Pecentage  of  Stomachs 
with  Plants  Related  to  Fish  Size 


Size  Class 

#  Org ./ 
Stomach 

%  Empty 
Stomachs 

%  Stomachs 
with  Plants 

<20.00  mm 

1.56 

33.3 

0.0 

20.00  -  24.95 

mm 

3.37 

23.7 

5.3 

25.00  -  29.95 

mm 

5.17 

16.1 

7.1 

30.00  -  34.95 

mm 

6.44 

5.9 

5.9 

35.00  -  39.95 

mm 

3.58 

30.3 

36.4 

40.00  -  44.95 

mm 

6.55 

14.3 

19.0 

>45.00  mm 

7.08 

23.8 

7.7 

organisms  per  stomach  increased  with  increasing  fish  size.  The  percen¬ 
tage  of  empty  stomachs  per  size  class  did  not  show  any  definite  trends. 
No  trends  were  observable  in  the  percentage  of  stomachs  with  plant 
material  as  fish  size  increased.  Except  in  one  case,  the  occurrence  of 
plant  material  in  the  stomachs  was  low.  The  plant  material  probably  was 
not  a  food  item,  but  was  only  secondarily  consumed  along  with  more 
preferable,  closely-associated  organisms. 

Table  5  gives  the  chi  square  values  for  each  size  class,  comparing 
the  abundance  of  macroinvertebrates  in  the  stomachs  to  their  abundance 
in  the  habitat.  In  all  cases  there  are  highly  significant  differences 
at  the  0.01  level,  indicating  that  the  sticklebacks  were  selective  in 
their  feeding  habits. 


DISCUSSION 


It  is  clear  that  the  brook  stickleback  is  a  selective  feeder,  and 
that  the  selectivity  differs  between  size  classes  of  the  fish.  Hynes 
(1950)  stated  that  the  differences  in  the  diets  of  fish  feeding  in  the 
same  habitat  are  sound  evidence  that  they  select  their  food  and  do  not 
merely  eat  what  is  there.  One  can  look  at  the  different  size  classes  of 
sticklebacks  in  the  same  manner.  It  is  especially  evident  that  the 
diets  of  the  smaller  and  larger  size  classes  differ,  and  it  is  statis¬ 
tically  evident  that  the  choice  of  food  for  each  class  differs  from  the 
relative  abundance  of  invertebrates  in  the  habitat.  Selectivity  is 
forced  upon  the  smaller  sticklebacks  due  to  their  inability  to  consume 
many  of  the  larger  invertebrates;  it  is  more  voluntary  on  the  part  of 
the  larger  classes  of  fish  which  can  select  against  smaller  invertebrates 
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TABLE  5.  Chi  Square  Analysis  of  Abudance  of 
Organisms  in  Stomach  Contents 
Compared  to  Stickleback’s  Habitat 


Size  Class 

Chi  Square  Value 

<20.00  mm 

52 . 55** 

20.00  -  24.95 

mm 

617.31** 

25.00  -  29.95 

mm 

408.71** 

30.00  -  34.95 

mm 

43.39** 

35.00  -  39.95 

mm 

34.69** 

40.00  -  44.95 

mm 

49.33** 

>45.00  mm 

19.27* 

*Highly  significant  (probability  <0.01,  df  =  5). 

**Very  highly  significant  (probability  <0.001, 
df  =  5)  . 


such  as  the  Ceratopogonidae .  All  size  classes  are  forced  to  select 
against  overly  large  and/or  mobile  species.  The  change  in  dietary 
habits  as  fish  size  increases  is  probably  related  to  the  increase  in 
mouth  size  accompanying  the  increase  in  body  size.  Keast  (1965)  found 
that  increasing  body  size  and  mouth  aperture  width  permitted  a  change  in 
food  niche.  He  demonstrated  this  in  the  rock  bass;  and  it  appears  to  be 
the  case  for  the  brook  stickleback. 

The  findings  in  this  study  do  not  agree  with  those  of  Cahn  (1924) , 
who  found  50%  of  the  stickleback's  diet  to  be  non-aquatic  insects,  in 
that  only  one  of  246  fish  had  consumed  non-aquatic  organisms  (Cicadel- 
lidae) .  Lagler  et  al.  (1962)  stated  that  fish  are  highly  adaptable  in 
their  feeding  habits  and  utilize  the  most  readily  available  foods.  Due 
to  dense  vegetation  cover  in  the  present  study,  non-aquatic  insects  were 
not  readily  available,  and  thus  the  sticklebacks  fed  almost  entirely  on 
aquatic  organisms. 

Daiber  (1956),  in  a  feeding  study  on  a  sculpin  and  darter,  found 
that  the  number  of  species  ingested  increased  from  the  smallest  to  the 
intermediate  size  groups,  and  that  in  the  largest  size  groups  the  number 
of  species  ingested  decreased  with  an  accompanying  increase  in  the  size 
of  the  organisms  consumed.  Similar  results  were  observed  for  the  stickle 
backs  (Table  3).  The  smallest  size  group  ingested  only  three  species, 
and  the  next  two  size  classes  ingested  eight  and  ten  species  respectively 
the  number  of  species  ingested  was  from  five  to  eight  in  the  remaining 
size  groups.  In  the  first  class  only  the  smaller  species  were  consumed 
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(Ceratopogonidae,  Nematoda,  and  smaller  Chironomidae) ,  but  as  the  size 
of  the  sticklebacks  increased  so  did  the  size  of  the  food  organisms. 

For  example,  the  snail  genus  Physa  was  consumed  only  by  the  larger  size 
classes . 

It  should  be  clear  that  feeding  studies  performed  on  smaller  fish 
species  should  include  observations  of  the  food  consumed  by  various 
sizes  of  the  fish.  Changes  in  the  diet  with  increasing  size  is  well 
documented  for  large  fish  species;  but  significant  differences  in  the 
feeding  activities  of  many  small  fish  species  also  occur  within  the 
species  related  to  differences  in  fish  size.  These  differences  could 
have  a  significant  influence  on  many  aspects  of  the  ecology  of  a  species 
and  should  thus  be  investigated. 
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ABSTRACT  -  Channel  catfish  were  stocked  at  two 
densities:  25/pond  and  100/pond.  Each  pond  was 
0.06  hectares.  The  specific  growth  rates,  after  53 
days,  were  0.010  and  0.015  for  ponds  with  100/pond 
and  0.021  for  ponds  with  25/pond.  Growth  is 
compared  to  that  found  in  natural  populations  and 
specific  growth  rates  with  those  found  for 
supplementary- fed  catfish. 

INTRODUCTION 


Studies  on  channel  catfish  culture  involving  supplementary  feeding 
have  stimulated  further  research  into  growth  rates  of  this  species. 

The  purpose  of  this  project  was  to  measure  specific  growth  rates  for 
channel  catfish  which  were  feeding  on  pond  organisms  and  to  compare 
these  rates  with  those  in  the  literature  on  supplementary- fed  channel 
catfish. 


MATERIALS  AND  METHODS 

Four  ponds  located  near  Carbondale,  Illinois  were  used.  They  were 
several  years  old  but  had  never  been  treated  with  fertilizers,  and  each 
had  an  area  of  0.06  hectares.  Water  from  a  nearby  reservoir  filled  the 
ponds  in  mid-April,  1969.  The  ponds  had  a  gentle  slope  so  that  depth 
varied;  the  depth  at  the  drain  ranged  from  1.32  to  1.45  m  (X  =  1.37). 
The  water  was  filtered  so  that  larval  fishes  could  not  easily  enter  and 
the  ponds  were  treated  with  rotenone  to  eliminate  fish. 

Channel  catfish  were  stocked  on  June  3,  1969.  There  were  two 
ponds  which  contained  25  catfish  (417/hectare)  and  two  ponds  with  100 
catfish  (1667/hectare).  Channel  catfish  do  not  ordinarily  breed  in 
ponds  so  their  number  will  not  increase  after  stocking.  The  fish 
weighed  25.3  -  5.5  g  (X  t  S.D.),  and  the  average  length  was  12.7  cm. 

On  July  26,  as  many  fish  as  possible  were  removed  from  the  pond  to 
measure  growth  and  calculate  specific  growth  rates.  At  the  end  of 
August,  the  ponds  were  drained  so  that  surviving  catfish  or  any 
contaminating  fish  species  could  be  counted.  The  ponds  could  not  be 
drained  earlier  because  of  other  studies  on  pond  benthos. 
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Some  of  the  fish  captured  on  July  26  were  used  for  stomach 
analyses.  Stomachs  were  placed  in  10%  formalin  and  were  later  opened, 
emptied,  and  flushed  with  a  small  amount  of  water.  Each  individual 
food  item  was  counted. 

RESULTS 

Specific  growth  rates  were  calculated  using  the  average  weights 
when  fish  were  stocked  and  average  weights  when  fish  were  removed  at 
the  end  of  July.  The  calculation  of  these  rates  follows  Cushing 
(1968,  p.  107)  and  was  originally  formulated  by  Medawar  (1945).  The 
formula  is:  TT 

v  =  1  lo§e  1  , 

ti  -  t0  w0 

where  W-,  is  the  weight  at  t^  and  Wq  is  the  weight  at  _tg  with  Jt 
measured  in  days.  V  is  the  specific  growth  rate.  The  two  ponds  con¬ 
taining  25  catfish  had  identical  rates,  0.021;  and  ponds  stocked  with 
100  catfish  had  rates  of  0.010  and  0.015  (Table  1).  Ponds  stocked 
with  100  catfish  had  1740  and  3180  g  total  weight  gain,  ponds  with  25 

catfish  had  1148  and  1253  g  weight  gains.  The  average  length  at  the 

end  of  the  study  was  18.1  and  19.0  cm  for  the  lower  density  ponds  and 

15.8  and  17.4  cm  for  the  higher  density  ponds. 

Forty-five  channel  catfish  stomachs  were  collected;  8  did  not 
contain  food.  There  were  346  Chaoborus  punctipennis  found  in  62.2%  of 
the  stomachs  that  contained  food.  Of  these,  75%  were  4th  instars  and 
only  3%  were  pupae;  the  remainder  were  early  instars.  The  second  most 
abundant  food  organisms  were  mayflies,  some  of  which  were  Hexagenia  sp. 
A  total  of  46  mayflies  were  found  in  51.6%  of  the  stomachs  and  most  of 
these  were  small  nynphs . 

When  the  ponds  were  drained  at  the  end  of  August,  all  of  the 
channel  catfish  were  accounted  for;  there  was  no  mortality  during  the 
two  month  period  of  the  study.  However,  there  was  contamination  by 
other  fish  species.  One  of  the  ponds  stocked  with  100  catfish  had  3 
adult  brown  bullheads  (Ictalurus  nebulosis ) ,  2  bluegills  (Lepomis 
macrochirus ) ,  4  pumpkinseed  sunfish  (Lepomis  gibbosus ) ,  and  one  green 
sunfish  (Lepomis  cyanellus ) ;  the  other  pond  stocked  with  100  catfish 
had  6  gizzard  shad  (Dorosoma  cepedianum) ,  one  green  sunfish,  and  one 
pumpkinseed  sunfish. 


DISCUSSION 

Green  (1973)  fed  channel  catfish,  stocked  at  nearly  5000/hectare, 
a  floating  type  ration  and  obtained  specific  growth  rates  of  0.019. 
Channel  catfish  raised  in  cages  have  specific  growth  rates  of  0.016 
(Andrews  et  al_.  ,  1971)  and  0.017  (Andrews  et  al_.  ,  1972).  These  growth 
rates  would  fall  between  those  obtained  at  the  two  densities  in  this 
experiment.  The  average  rate  at  the  higher  density  was  0.013,  and,  at 
the  lower  density,  0.021.  Assuming  a  linear  relationship  between 
specific  growth  rates  and  channel  catfish  density  and  extrapolating 
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catfish  density  for  fish  without  supplementary  feeding,  from  specific 
growth  rates,  Green's  (1973)  rates  would  be  comparable  to  those  for 
1350  channel  catfish/hectare  and  Andrew's  (1971)  rates  to  883/hectare. 

The  growth  of  the  fish  in  these  ponds  was  similar  to  those  found 
for  natural  populations  of  channel  catfish.  Appelget  and  Smith  (1950) 
found  that  the  greatest  growth,  7.9  cm,  occurred  in  Age  Group  II  and 
the  average  increment  was  over  5.1  cm  a  year  up  to  Age  Group  VIII. 

Sneed  (1950)  found  that  the  range  in  length  for  Age  Group  I  channel 
catfish  was  10.0  to  15.9  cm  and  12  to  29.9  cm  for  Age  Group  II  in 
Grand  Lake,  Oklahoma;  this  is  an  average  increase  of  8  cm  between  Age 
Group  I  and  Age  Group  II.  The  average  growth  in  this  study  was  3.1  cm 
to  6.3  cm  depending  on  channel  catfish  density.  This  growth  is 
slightly  less  than  that  found  by  Appelget  and  Smith  (1950)  and  Sneed 
(1950).  The  growth  results  may  have  more  closely  approached  those  of 
Appelget  and  Smith  (1950)  and  Sneed  (1950)  if  the  fish  were  studied 
during  an  entire  growing  season  instead  of  53  days. 

The  highest  specific  growth  rates  were  found  at  the  lowest 
catfish  density;  assuming  a  constant  conversion  of  food  to  catfish 
growth,  this  would  indicate  that  the  total  number  or  biomass  of  prey 
organisms  per  catfish  was  greater  at  this  lower  density.  At  the 
higher  catfish  density  the  specific  growth  rates  were  lower,  but  the 
total  increase  in  fish  biomass  was  greater  at  the  higher  fish  density. 
Again,  assuming  a  constant  efficiency  of  utilization  of  food  for 
growth,  catfish  at  the  higher  density  must  feed  on  a  larger  number  or 
biomass  of  prey  organism  than  fish  at  the  lower  density  to  achieve 
this  greater  overall  increase  in  fish  biomass. 

Hoopes  (1960)  found  that  68%  of  channel  catfish  stomachs  contained 
the  mayfly,  Hexagenia  sp.;  other  organisms  found  in  the  stomach  were 
immature  Plecoptera,  Diptera,  clams,  and  snails.  Hexagenia  sp.  and 
other  mayflies  made  up  an  important  part  of  the  channel  catfish  diet 
in  this  study.  Though  the  total  number  of  mayflies  in  stomachs  was 
considerably  lower  than  Chaoborus  punctipennis ,  the  fish  received  a 
substantial  portion  of  their  energy  requirements  from  mayflies  since 
each  mayfly  has  a  greater  biomass  than  individual  C.  punctipennis .  In 
their  natural  environment,  channel  catfish  would  not  ordinarily  come 
into  contact  with  large  populations  of  C.  punctipennis ♦  However,  they 
do  feed  on  other  dipterans,  and  it  is  not  surprising  that  when  exposed 
to  large  populations  of  C.  punctipennis ,  they  would  feed  on  them. 
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TABLE  1.  SPECIFIC  GROWTH  RATES  OF  CHANNEL  CATFISH  IN  PONDS 
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ABSTRACT 


Chemical,  biological  and  physical  analyses  were 
performed  at  four-year-old  Evergreen  Lake  in  an 
effort  to  determine  whether  the  quality  of  the  lake 
was  being  affected  by  its  agricultural  setting.  All 
chemical  parameters  were  found  to  be  within  permis¬ 
sible  levels  for  public  water  supplies.  Benthos  were 
sparse,  yet  plankton  populations  indicated  a  rapidly 
maturing  lake.  The  fish  populations  were  imbalanced 
with  75%  consisting  of  Carp  and  Gizzard  Shad.  Sedi¬ 
mentation,  particularly  in  the  shallow  south  end, 
which  will  lead  to  loss  of  volume  and  creation  of 
mud  flats^  appeared  to  be  the  major  problem  con¬ 
fronting  this  lake  in  the  future. 

INTRODUCTION 


Evergreen  Lake,  16  km  north  of  Normal,  in  McLean  County, 

Illinois,  was  created  by  the  impoundment  of  Six-Mile  Creek  in  August 
of  1970,  to  serve  as  a  supplemental  public  water  supply  and  a  site  of 
recreational  development  for  the  Bloomington-Normal  area.  Typical  of 
such  impoundments,  it  is  characterized  by  a  shallow  end,  fed  by  Six- 
Mile  Creek,  the  main  feeder  stream,  and  a  deeper  end  near  the  dam,  in 
this  case  the  south  and  north  ends  respectively.  Plans  for  the 
Evergreen  Lake  area,  many  of  which  are  underway  or  completed,  include 
construction  of  camping  sites,  picnic  areas,  a  nature  center,  a 
swimming  area,  and  a  boat  rental  facility. 

O 

The  100-km  watershed  of  Evergreen  Lake  lies  in  a  predominantly 
agricultural  area.  Thus  local  farming  practices  may  have  a  great 
effect  on  the  future  characteristics  of  the  lake.  The  purpose  of  this 
study  was  to  determine  what  effects  this  agricultural  environment  has 
had  and  to  predict  what  it  will  have  on  this  lake.  Toward  this  end 
chemical  investigations  were  undertaken  to  determine  the  nutrient 
levels  in  the  water  and  lake  sediment  as  well  as  pesticide  concentra¬ 
tions  in  the  water  and  biomass.  Populations  of  plankton,  benthos,  and 
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fishes  were  sampled  and  contrasted  between  the  north  (relatively  deep 
and  unsilted)  and  south  (relatively  shallow  and  silted)  ends  of  the 
lake  in  hopes  of  thus  being  able  to  predict  future  habitats  and  pop¬ 
ulations.  The  rate  of  sedimentation  was  also  measured. 

MATERIALS  AND  METHODS 


Chemical  Analyses.  Six  water  sampling  stations  (numbers  1 
through  6  on  Fig.  1)  were  established  on  the  lake  itself,  and  one, 
designated  as  US  51,  was  located  on  Six-Mile  Creek  about  5  km  south¬ 
east  of  Evergreen  Lake  where  the  Creek  passes  under  US  highway  51. 

Water  samples  were  taken  twice  weekly  over  the  period  June  10  - 
July  26,  1974  from  each  station  using  a  300-ml  BOD  bottle  to  collect 
water  for  the  dissolved  oxygen  determinations  which  were  carried 
through  the  acidification  stage  (Taras,  et  al. ,  1971,  p.  477),  and 
a  500-ml  bottle  to  store  water  for  the  other  chemical  tests.  At 
the  deeper  sites  (2  through  6)  both  surface  and  depth  samples  were 
taken;  in  all  cases  the  water  samples  were  stored  on  ice  until  the 
chemical  analyses  were  performed  (within  24-30  hr). 

Water  temperatures  and  pH  data  were  determined  on  location. 
Chloride  was  analyzed  by  an  argentometric  method  (Taras,  et  al. , 

1971,  p.  96).  Persulfate  digestion  (Taras,  et  al. ,  1971,  p.  526) 
followed  by  stannous  chloride  reduction  of  molybdophosphoric  acid 
(Taras,  et  al. ,  1971,  p.  530)  was  used  for  total  dissolved  and 
suspended  phosphate  in  the  water.  Nitrate  was  determined  by  reduction 
to  nitrite  on  a  column  of  amalgamated  cadmium  followed  by  azo  dye 
formation  with  sulfanilamide  and  N-l-naphthyl-ethylenediamine  (Taras, 
et  al. ,  1971,  p.  458).  Ammonium  ion  was  determined  most  commonly  by 
the  phenate  method  (Taras,  et  al.. ,  1971,  p.  232)  and  in  some  cases 
also  by  an  Orion  ammonia  electrode.  Total  dissolved  solids  (TDS)  were 
measured  by  specific  conductivity  multiplied  by  a  factor  of  0.6  (Taras, 
et  al. ,  1971,  p.  323).  The  azide  modification  of  the  Winkler  method 
(Taras,  et  al. ,  1971,  p.  477)  was  used  to  measure  dissolved  oxygen. 

In  all  cases,  the  appropriate  standards  and  calibration  curves  were 
prepared,  and  the  methods  checked  on  each  day  of  analysis  by  carrying 
out  a  determination  on  a  standard  solution  (nitrate,  chloride,  ammonium 
or  phosphate). 

An  Ekman  dredge  was  used  to  collect  sediment  samples  on  July  17, 
1974  from  each  of  the  chemical  sampling  stations  plus  a  number  of 
additional  sites.  These  were  homogenized,  centrifuged,  dried  and 
ground  before  HCl-NH^F  extraction  and  analysis  of  phosphorous  (Olsen 
and  Dean,  1965).  The  values  reported  are  the  means  of  duplicate 
analyses. 

Water  samples  for  pesticide  analysis  were  taken  at  the  six  water 
sampling  stations  on  Evergreen  Lake  plus  5  additional  sites  labeled 
A  through  E  (Fig.  1).  Some  sites  were  sampled  once  during  the  June- 
July  period,  while  a  number  of  the  stations  were  sampled  a  second 
time.  Bottom  sediments  from  sites  1-6  were  also  studied  on  a  one-time 
basis  (July  17).  Two  Cyprinus  carpio ,  one  Dorosoma  cepedianum,  and  one 
Micropterus  salmoides  from  both  a  shallow  (site  3)  and  deep  (site  6) 
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region  of  the  Lake  were  captured  and  a  25-g  edible  portion  analyzed. 
Aqueous  plankton  slurries  from  the  same  areas  were  suction  filtered 
and  a  2-5-g  solid  sample  studied. 

Pesticide  analysis  in  solid  samples  was  accomplished  by  mixing 
tissue  or  sediment  with  sodium  sulfate  on  a  column  and  extracting 
with  hexane  (Westerhold,  et  al.,  1973;  Hesselberg  and  Johnson,  1972). 

The  hexane  extract  was  subjected  to  liquid-liquid  partitioning  and 
column  chromatography  cleanup  and  then  concentrated.  For  water 
samples  hexane  extractions  were  followed  directly  by  concentration. 

The  concentrates  were  analyzed  by  gas  chromatography  (Varian  Model 
1440  with  a  scandium-tritium  electron  capture  detector)  using  the 
following  columns:  6*  x  1/8”  stainless  steel  with  3%  0V-225  on 
Chrom  W  and  6*  x  1/8"  glass  with  6.4%  0V-210  and  1.6%  OV-17  on  Chrom 
W.  Retention  times  of  authentics  were  established  relative  to  Lindane 
and  identification  of  pesticides  was  accomplished  by  comparison  of 
relative  retention  times  of  extracted  sample  peaks  to  authentics  on 
each  of  the  three  dissimilar  columns.  Quantification  of  pesticides 
was  accomplished  by  comparing  peak  areas  (triangulation)  of  each  to 
that  of  Lindane  added  in  known  amount  as  an  internal  standard. 

Because  of  the  small  sample  size  and  wide  scatter,  these  values  are  only 
approximate  indicators  of  pesticide  levels. 

Biological  Ana lyses ♦  Plankton  tows  were  made  at  4-day  intervals 
during  June  and  July,  1974  at  four  stations  on  Evergreen  Lake  (I 
through  IV  in  Fig.  1)  using  a  Clark  and  Bumpus  plankton  sampler  from 
a  canoe  powered  by  a  small  electric  trawling  motor.  A  ten-mesh 
plankton  net  was  used  for  all  sampling.  Horizontal  surface  tows  at 
a  depth  of  one  meter  were  made  at  all  stations.  In  addition,  a 
horizontal  tow  at  a  depth  of  five  to  seven  meters  was  made  at  Station 
I. 


Preserved  samples  were  counted  in  a  Sedgwick-Rafter  counting 
chamber  backed  with  Millipore  gridded  filter  paper  made  transparent 
with  immersion  oil  (Kaill  and  Frey,  1973).  Random  counts  of  10  to 
20%  of  the  chamber  compartments  were  made  and  the  number  of  organisms 
present  in  the  entire  chamber  was  calculated. 

Benthos  were  collected  on  a  one-time  basis  from  various  types  of 
bottom  substrate  at  19  sites  chosen  to  be  representative  of  the  lake 
(Fig.  1)  over  the  June  3  -  July  23,  1974  period.  An  Ekman  dredge  was 
used  to  sample  benthos  from  the  soft  bottom  of  the  lake  while  a 
Petersen  dredge  was  used  to  collect  samples  from  the  gravel  and  sand 
bottom  sites,  and  a  shovel  was  used  along  the  shore  in  shallow  water. 

The  fish  populations  of  Evergreen  Lake  were  sampled  by  means  of 
electrical  shocking  at  seven  areas  (Fig.  1).  The  two  sites  located 
along  the  shore  near  Plankton  Stations  I  and  II  were  sampled  five 
times  each  over  the  two-month  period  while  the  other  five  sites  of 
varying  habitat  were  examined  once  in  order  to  obtain  a  more  repre¬ 
sentative  view  of  the  fish  populations.  Shocking  was  done  in  a  semi¬ 
circular  area  extending  from  the  shoreline  with  an  effective  field  of 
about  2.5  meters  in  depth  and  diameter,  which  restricted  this  tech¬ 
nique  to  shallower  portions  and  shorelines.  Standard  measurements 
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were  made  and  scales  and  stomachs  of  representative  specimens  were 
analyzed.  Initially  each  fish  was  marked  for  population  estimation, 
but  this  procedure  was  terminated  when  after  one  month  only  one 
marked  fish  had  been  recaptured. 

Sedimentation  Survey.  The  rate  of  sedimentation  in  the  southern 
branch  of  Evergreen  Lake  was  determined  by  a  modification  of  the  range 
method,  the  procedure  used  by  the  Illinois  State  Water  Survey  (Eakin, 
1936).  This  involved  setting  up  18  ranges  on  the  lake  along  which 
the  depth  of  the  water  and  sediment  were  measured  by  means  of  a 
sounding  pole.  Ranges  were  staked  out  with  the  aid  of  an  aerial 
photograph  and  a  telescopic  transit. 

During  sediment  measurements  the  elevation  of  the  lake  surface 
was  checked  daily  at  the  pumping  station  in  the  north  end  so  that 
the  depth  of  the  water  could  be  corrected  for  any  variation  in  the 
lake  height. 

By  using  the  series  of  measurements  of  the  water  and  water-plus- 
sediment  depths,  profiles  of  the  lake  were  plotted  for  each  sediment 
range  and  cross-section  areas  and  the  original  and  current  volumes 
determined  (Eakin,  1936). 

RESULTS 

The  number  of  samples,  means  and  standard  deviations  for  phosphate, 
nitrate,  ammonium,  chloride,  dissolved  oxygen  (DO)  and  total  dissolved 
solids  (TDS)  at  the  surface  of  each  chemical  sampling  site  are  reported 
in  Table  I.  A  one-way  analysis  of  variance  was  employed  on  the  seven 
site  means  for  each  parameter  studied.  Where  statistically  significant 
differences  were  noted,  the  Newman-Keuls  procedure  was  employed  as  a 
follow-up  test  on  each  pairwise  comparison  of  site  means. 

Results  of  this  testing  indicated  no  significant  differences 
between  site  means  for  the  dissolved  oxygen,  ammonium,  and  chloride. 
However  for  nitrate,  phosphate,  and  total  dissolved  solids,  significant 
differences  were  found  (p  <  0.01)  among  the  site  means.  For  both 
nitrate  and  total  dissolved  solids  the  means  at  sites  51  and  1  were 
shown  to  be  significantly  higher  than  the  means  at  any  of  the  other 
five  sites;  however,  the  means  for  sites  2  through  6  were  not  signifi¬ 
cantly  different  from  each  other.  For  phosphate,  significantly  higher 
means  were  noted  at  sites  51,  1,  and  2  (shallow  end)  in  comparison  to 
sites  4,  5,  and  6  (deeper  end).  However,  no  significant  mean  dif¬ 
ferences  were  noted  among  the  shallow  end  sites,  nor  among  the  deeper 
end  sites. 

Thus  the  feeder  stream  and  the  most  proximate  site  on  the  lake 
to  that  imput  had  higher  levels  of  phosphate  and  nitrate  than  the 
balance  of  the  lake,  probably  reflecting  imput  from  agricultural 
runoff. 
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Table  I.  Evergreen  Lake  Chemical  Analysis 


Parameter  - -  Sites 


US 

51 

2 

3 

4 

5 

6 

Phosphate 

Mean3 

.16 

.15 

.13 

.11 

.07 

.07 

.05 

Nb 

8 

12 

8 

9 

6 

9 

8 

S.D.C 

.07 

.04 

.03 

.04 

.02 

.03 

.02 

Nitrate^ 

Mean 

12.3 

11.5 

8.3 

8.8 

7.8 

7.4 

7.4 

N 

6 

7 

6 

7 

5 

8 

9 

S.D. 

1.8 

1.9 

1.7 

2.1 

0.8 

0.8 

0.6 

Ammonium 

Mean 

.14 

.16 

.15 

.15 

.19 

.17 

.14 

N 

9 

10 

9 

9 

7 

11 

10 

S.D. 

.09 

.17 

.09 

.09 

.15 

.18 

.17 

DO 

Mean 

8.3 

8.1 

9.0 

8.9 

8.6 

8.6 

8.6 

N 

10 

10 

9 

9 

6 

9 

9 

S.D. 

0.4 

0.6 

1.6 

1.5 

1.0 

0.8 

1.8 

Chloride 

Mean 

23.3 

25.3 

20.2 

20.7 

20.0 

21.1 

21.0 

N 

10 

11 

9 

9 

6 

10 

10 

S.D. 

2.5 

6.4 

4.5 

2.7 

1.3 

1.2 

0.9 

TDS 

Mean 

392 

394 

301 

291 

293 

286 

284 

N 

10 

11 

9 

9 

6 

10 

9 

Phosphate 

S.D. 

in  e 

19 

28 

40 

34 

27 

26 

29 

sediment 

Mean 

118 

61 

45 

44 

24 

21 

aln  mg/1. 

^Number  of  samples  taken  over  the  8-week  sampling  period 
at  the  surface  of  each  site. 

cStandard  Deviation,  mg/1. 

^Includes  Nitrite  (1-5%). 

p 

Mean  of  duplicate  analyses  on  single  samples;  additional 
sampling  sites  and  their  phosphate  levels  (in  parentheses) 
were:  next  to  the  spillway  north  of  site  6  (11  mg/1); 
and  midway  between  sites  1  and  2  (84  mg/1). 

The  extractable  phosphorous  content  of  the  lake  sediments  de¬ 
creased  notably  with  increasing  water  depth  (Table  I).  This  is 
attributed  to  the  preferential  adsorption  of  calcium  phosphate  onto 
the  coarser  sediment  fractions  which  settle  out  nearer  the  feeder 
stream  (Olsen  and  Dean,  1965;  Frink,  1969). 
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Table  II.  Evergreen  Lake  Pesticide  Analysis 


Concentration,  ppb 


Pesticide 

Water3 

Fishb 

Sediment 

Aldrin 

0.34 

501 

80.6 

Dieldrin 

0.04 

161 

10.1 

DDT 

0.02 

133 

6.5 

DDE 

0.03 

106 

15.0 

aMean  of  11  samples  (see  Materials  and  Methods) 
bMean  of  8  samples  (see  Materials  and  Methods) 
cMean  of  6  samples  (see  Materials  and  Methods) 


Analysis  of  water,  fish,  and  bottom  sediments  from  various 
locations  on  the  lake  indicated  the  presence  of  four  chlorinated 
hydrocarbons  in  low  and  somewhat  varying  levels  (Table  II).  The 
mean  pesticide  concentrations  in  the  water  were  well  below  the 
accepted  levels  (State  of  Illinois  Environmental  Protection  Agency, 

1972  ). 

Plankton  samples  were  taken  from  stations  in  the  deep  and  shallow 
ends  (Sties  I-IV  in  Fig.  1)  with  an  eye  toward  determining  how  Evergreen 
Lake  relates  to  the  oligotrophic-eutrophic  classification  of  lakes,  and 
to  determine  whether  any  differences  exist  in  plankton  populations 
between  the  two  ends  of  the  lake. 

Though  only  recently  filled,  the  lake  was  found  to  support  plankton 
populations  similar  to  more  mature  lakes.  The  phytoplankton  were 
comprised  to  two  genera  of  Cyanophyta,  five  of  Chlorophyta ,  five  of 
Chrysophyta,  two  of  Pyrophyta ,  and  two  of  Euglenophyta .  Blue-green 
(Cyanophyta)  and  golden-brown  (Chrysophyta)  algae,  however,  composed 
87.5%  of  the  phytoplankton,  a  condition  typical  of  a  eutrophic  lake. 
Furthermore,  seven  genera  of  Evergreen  Lake  phytoplankton  found  are 
classified  as  eutrophic  indicators,  while  no  oligotrophic  indicator 
genera  were  observed  (Prescott,  1968). 

Eleven  genera  of  zooplankton  which  were  found  at  the  lake  (Cyclops , 
Diaptomus ,  Bosmina,  Daphnia ,  Polyartha ,  Brachionus ,  Keratella ,  Filinia , 
Conochiloides ,  Asplanchna  and  Diff lugia  )  are  considered  indicators  of 
a  stable  or  permanent  river  community  which  includes  artificial  lakes 
caused  by  impoundment  of  streams  (Prescott,  1968). 

The  total  plankton  populations,  on  the  average,  35.7%  zoo¬ 
plankton  and  64.3%  phytoplankton,  showed  two  growth  pulses  during 
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the  June- July  sampling  period,  with  an  increase  in  the  blue-green  algae 
populations  being  mainly  responsible.  Heavy  rains  fell  during  a  period 
preceeding  and  coinciding  with  the  first  pulse,  June  19-23,  1974,  and 
sporadic  rainfall  occurred  during  the  second  pulse,  July  10-15,  1974. 
Increased  phosphorous  was  noted  during  the  former  period,  indicating  run¬ 
off  from  the  agricultural  area  around  the  lake.  Perhaps  this  increase 
in  nutrient  level  accounted  for  these  growth  surges. 

Differences  were  noted  between  some  plankton  populations  at  the 
deep  and  shallow  ends  of  the  lake.  Chlorophyta  were  most  abundant 
near  the  shallow  end  (a  mean  of  45,900  per  m3  at  Station  IV  compared 
to  a  mean  of  9,400  per  m3  at  Station  I).  Patterns  for  most  of  the 
other  groups  were  not  evident. 

Benthic  organisms  were  sampled  at  a  variety  of  sites,  and  in 
general  we  found  sparse  populations,  indicative  of  the  infancy  of 
Evergreen  Lake.  The  groups  Tendipedidae  and  Oligochaeta  together  made 
up  98%  and  79%  of  the  benthos  in  the  north  and  south  ends  of  the  lake, 
respectively. 

The  fish  abundances  in  Evergreen  Lake  sampled  at  five  intervals 
near  Stations  I  and  II,  as  well  as  once  at  other  sites  (Fig.  1),  are 
summarized  in  Table  III. 

Carp  and  Gizzard  together  accounted  for  75%  of  the  fishes 
sampled.  A  comparison  of  three-year  growth  curves  for  Evergreen  Lake 
Carp  and  the  average  Illinois  Carp  (Lopinot,  1965)  indicated  that  the 
Evergreen  Lake  population  is  stunted.  This  is  most  likely  due  to  over¬ 
population.  On  the  other  hand,  Gizzard  Shad  and  Bluegill  exhibited 
normal  growth  curves.  Although  Largemouth  Bass  were  found  to  comprise 
only  1.3%  of  the  population  samples,  their  growth  rate  (e.g.,  89  cm  for 
a  three-year-old)  was  greater  than  the  average  for  Illinois  (71  cm  for 
a  three-year-old)  (Lopinot,  1965).  The  mean  size  of  the  bass  captured 
indicated  unbalanced  populations  of  older,  larger  fish.  Only  minor 
differences  in  fish  species  distribution  were  noted  at  the  north  and 
south  sampling  sites. 

For  the  sedimentation  study  a  108-acre  (0.437-km^)  portion  of  the 
lake  (15%  of  the  total  surface  area  of  702  acres,  2.841  km^ )  was 
actually  studied  (Fig.  2).  The  original  capacity  of  this  portion  was 
667  acre- feet  (822,811  m*)  and  the  amount  of  sediment  found  was  95.7 
acre-feet  (118,055  m^).  This  represents  a  14.3%  loss  of  capacity  in 
the  southern  part  of  the  lake  in  the  four  years  since  impoundment. 

Based  on  this  current  annual  rate  of  3.6%  sedimentation,  the  south 
end’s  lifetime  would  be  about  28  years.  By  assuming  that  the  entire 
lake  had  the  same  average  silt  depth  as  the  sections  measured  (actually 
the  silt  depth  decreased  in  going  northward),  one  can  approximate  a 
maximum  capacity  loss  over  the  entire  lake  of  1.2%  annually. 


376 


Figure  2.  Sedimentation  Ranges  in  the  Southern 
End  of  Evergreen  Lake 
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TABLE  III. 


Fish  Populations  in  Evergreen  Lake 


Species 

Total  No. 
Captured 

%  of  Total 
Catch 

Average 
Weight ,  g 

Average 

Growth 

Rate3 

Carp 

(Cyprinus  carpio) 

544 

38 

128 

— 

Gizzard  Shad 

(Dorosoma  cepedianum) 

514 

36 

43 

0 

Bluegill 

(Lepomis  machrochirus ) 

221 

16 

85 

0 

Black  Bullhead 

( Ictalurus  melas) 

66 

4.7 

85 

Green  Sunfish 

(Lepomis  cyanellus) 

29 

2.0 

28 

0 

Largemouth  Bass  19 

(Micropterus  salmoides) 

1.3 

992 

+ 

White  Crappie 

(Pomoxis  annularis) 

12 

0.8 

128 

— 

Black  Crappie  12 

(Pomoxis  nigromaculatus ) 

0.8 

128 

aAverage  three-year  growth  rate  at  Evergreen  Lake 
average  (Lopinot,  1965);  +,  larger,  0,  same,  -, 

compared  to 
smaller. 

Illinois 

DISCUSSION 

We  believe  that  sedimentation  will  be  the  major  factor  influencing 
the  water  quality  and  ecology  of  Evergreen  Lake  in  the  future.  The 
results  indicate  that  in  about  twenty-eight  years  the  southern  half  of 
the  lake  will  be  heavily  silted  and  the  central  portion  will  begin  to 
resemble  what  is  presently  the  shallow  end  in  its  chemical,  biological 
and  physical  parameters.  Unfortunately,  the  central  part  of  the  lake 
is  near  the  area  of  intensive  recreational  development.  The  encroachment 
of  sediment  will  not  have  a  great  effect  on  the  swimming  facility,  since 
it  is  set  off  from  the  lake,  but  it  will  cause  a  substantial  loss  in  lake 
area  available  for  boating  and  fishing  and  will  preclude  the  establish¬ 
ment  of  aquatic  vegetation  needed  for  waterfowl.  Siltation  is  not  expected 
to  become  a  factor  in  the  northern  half  of  the  lake  for  some  time  yet. 

If  crop  rotation,  fertilization  practices,  and  rainfall  patterns 
remain  the  same,  there  is  little  reason  to  expect  a  major  change  in 
the  nutrient  levels  of  the  lake  water.  However,  there  may  be  slight 
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increases  in  the  nitrogen  and  phosphorus  concentrations  in  the  lake 
sediment.  Barring  an  unusual  increase  in  the  use  of  chlorinated  hydro¬ 
carbons  as  insecticides  and  herbicides,  the  concentration  of  those 
materials  in  the  lake  water,  sediment,  and  food  chain  should  remain  well 
below  the  accepted  levels  (State  of  Illinois  Environmental  Protection 
Agency,  1972). 

We  observed  a  marked  increase  in  phytoplankton  density  corresponding 
to  increased  phosphorous  levels  after  heavy  rainfall  in  mid-June,  1974. 
High  nutrient  levels  in  the  lake  in  the  future  might  cause  an  increase 
in  nuisance  algae.  Also,  this  could  favor  the  growth  of  the  Carp 
population,  which  would  accentuate  the  striking  imbalance  which  presently 
characterizes  the  fish  populations.  If  this  imbalance  continues  in 
Evergreen  Lake,  fishing  quality  may  leave  much  to  be  desired.  Although 
there  are  bass  in  the  lake,  the  population  distribution  is  skewed  in 
favor  of  the  larger  fish,  indicating  poor  reproduction.  We  expected 
that  differences  in  population  composition  might  occur  between  the  deep 
and  shallow  ends  of  the  lake,  and  that  this  would  allow  for  a  prediction 
of  future  populations.  This  was  not  the  case  as  the  imbalance  in  the 
fish  populations  already  extends  to  all  parts  of  the  lake. 

SUMMARY 


The  agricultural  environment  of  Evergreen  Lake  has  influenced 
its  early  development  and  will  in  all  likelihood  continue  to  affect 
future  development.  Although  the  southern  portion  of  the  lake  is 
experiencing  heavy  nutrient  levels  and  siltation  problems  typical  of 
many  man-made  reservoirs,  water  quality  in  the  northern  half  of  the 
lake  appears  to  be  good. 


ACKNOWLEDGEMENTS 


This  study  was  supported  by  Grant  Number  GY-11527  from  the  National 
Science  Foundation  Student-Originated  Studies  Program.  We  wish  to  thank 
Dr.  Gary  Ramseyer  of  the  Psychology  Department  of  Illinois  State  Uni¬ 
versity  for  his  help  in  statistical  analyses. 


379 


LITERATURE  CITED 


EAKIN,  H.M.  1936.  Silting  of  Reservoirs.  USDA  Technical  Bulletin 
No.  524,  Washington,  D.C. 

FRINK,  C.R.  1969.  Chemical  and  Mineralogical  Characteristics  of 

Eutrophic  Lake  Sediments.  Soil  Sci.  Soc.  Amer.  Proc.,  33:369. 

HESSELBERG,  R.J.  and  J.L.  Johnson.  1972.  Column  Extraction  of  Pesticides 
from  Fish,  Fish  Food  and  Mud.  Bull.  Envir.  Contam.  Toxicol.,  _7 : 1 1 5 . 

KAILL,  W.M.  and  J.K.  Frey.  1973.  Environments  in  Profile.  Canfield 
Press,  Scranton,  Pa. 

LOPINOT,  A.C.  1965.  Illinois  Resource  Management:  Fish  Conservation. 
Division  of  Fisheries,  Dept,  of  Conservation,  Springfield,  II. 

OLSEN,  S.R.  and  L.A.  Dean,  1965.  Methods  of  Soil  Analysis,  pt.  2  of 
Agronomy,  a  Series  of  Monographs.  American  Society  of  Agronomy, 

Inc.,  Madison,  Wi. 

PRESCOTT,  G.W.  1968.  The  Algae:  A  Review.  Houghton-Mifflin,  Boston, 

Ma. 

STATE  OF  ILLINOIS  ENVIRONMENTAL  PROTECTION  AGENCY.  1972.  Water 
Pollution  Regulations  of  Illinois.  Division  of  Public  Water 
Supplies,  Springfield,  II. 

TARAS,  M.J.,  A.E.  Greenberg,  R.D.  Hoak  and  M.C  Rand  (Ed.)  1971. 

Standard  Methods  for  the  Examination  of  Water  and  Wastewater,  13th 
ed.  American  Public  Health  Assoc.,  Washington,  D.C. 

WESTERHOLD,  A.,  R.  Frazier,  M.  Long,  J.  McCaffrey,  J.  Miller,  and  J. 
Murray.  1973.  Manual  of  Laboratory  Methods.  State  of  Illinois 
Environmental  Protection  Agency,  Springfield,  11 . 


380 


TRANSACTIONS,  ILL.  STATE  ACAD.  SCI. 

Vol .  68,  No.  4  (1975) 


A  PRELIMINARY  SURVEY  OF  VASCULAR  PLANTS  OF  THE 
HORSESHOE  LAKE  AREA,  KNOX  COUNTY,  ILLINOIS 


Kenneth  L.  Weik  and  Gordon  Baker 
Department  of  Biology,  Lake  Forest  College 
Lake  Forest,  Illinois  60045 


ABSTRACT  -  A  floristic  survey  of  the  Horseshoe  Lake 
Area,  Knox  County,  Illinois,  was  conducted  during  the 
late  spring  and  summer  of  1965.  Horseshoe  Lake  con¬ 
sists  of  a  series  of  discontinuous  impoundments  and 
presumably  is  a  vestige  of  a  much  larger  system  that 
originated  as  the  result  of  earlier  meanderings  of 
near-by  Haw  Creek.  The  survey  resulted  in  the  collec¬ 
tion  and  identification  of  nearly  200  vascular  plant 
taxa. 


During  the  late  spring  and  summer  of  1965,  the  authors  spent  several 
weeks  collecting  and  identifying  vascular  plants  in  a  relatively  unbotanized 
area  of  Knox  County  in  west-central  Illinois.  The  area  lies  in  south-central 
Knox  County  in  Sections  26,  27,  34,  and  35,  T  10  N,  R  2  E,  of  the  Maquan  and 
Galesburg  quadrangles  (FIG.  1).  The  predominating  feature  of  this  region  is 
a  broad  meandering  valley  that  extends  for  several  miles  in  an  east-west 
direction.  The  moderate  degree  of  relief  at  this  location  is  further  comple¬ 
mented  by  steeply  rising  hillsides  that  delimit  north  and  south  boundaries 
of  the  valley.  The  base  of  the  valley  is  broad  and  flat  and  lies  approximat¬ 
ely  560  feet  above  mean  sea  level  elevation.  An  improved  road  one  and  one- 
half  miles  long  crosses  the  valley  in  a  north-south  direction  (FIG.l).  While 
a  major  portion  of  the  land  available  here  is  under  cultivation  or  used  for 
grazing,  a  considerable  amount  is  low  and  wet  and  generally  unsatisfactory 
for  agricultural  practices. 

Horseshoe  Lake  itself  is  a  natural  impoundment  presumably  formed  by  the 
meandering  activities  of  Haw  Creek  which  has  since  carved  a  channel  a  short 
distance  to  the  east  (FIG.  1).  Horseshoe  Lake  thus  may  be  interpreted  as  an 
oxbow  lake.  Access  to  the  lake  is  by  a  private  unimproved  road  leading  direc 
tly  east  from  the  improved  road.  The  access  road  is  entered  at  a  point  im¬ 
mediately  opposite  the  farm  home  of  Mr.  Russell  Booz  (FIG.  1).  It  extends 
eastwardly  over  the  highest  elevation  on  the  south  side  of  the  valley  and  ter 
minates  in  a  wooded  pasture  above  the  southern-most  reaches  of  the  lake. 

In  its  present  stage  of  development,  Horseshoe  Lake  is  separated  both 
artificially  and  naturally  into  five  distinct  impoundments.  The  proximity 
of  these  impoundments  supports  the  belief  that  the  lake  was  formed  by  an 
earlier  cut-off  of  Haw  Creek.  The  eastern-most  impoundment  lies  just  below 
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FIG.  1.  The  Horseshoe  Lake  Area.  Map  of  Illinois  insert  shows  location  of 
study  area  in  Knox  County.  Impoundments  H-^,  ^ and  show 
the  present  disposition  of  Horseshoe  Lake.  The  single  contour  inter¬ 
val  shown  on  the  map  lies  approximately  580  feet  above  mean  sea  level 
elevation. 


steep  north  and  northeast  facing  slopes  on  the  southern  edge  of  the  valley 
floor  (FIG.  1).  Here  the  lake  receives  heavy  shading  from  an  oak-hickory 
forest  that  prevails  on  the  surrounding  hillsides.  During  the  period  of 
study,  this  portion  of  the  lake  supported  dense  populations  of  the  small 
floating  aquatics,  Spirodela  polyrhiza,  Lemna  minor,  and  Wolff ia  columbiapa. 

The  remaining  impoundments  lie  further  removed  from  the  wooded  hillsides 
and  present  entirely  different  vegetational  aspects.  These  impoundments  are 
relatively  exposed  and  have  been  subjected  to  some  disturbance  as  the  result 
of  nearby  farming.  Three  of  these  impoundments  form  a  series  of  aquatic  and 
semi-aquatic  habitats  that  extend  between  the  north  and  south  extremeties 
of  the  valley  floor  (FIG.  1,  ^ ,  H^,  and  H^).  The  physical  separation  of 
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these  impoundments  is  probably  artificial  in  that  man-made  dikes  or  dams  are 
evident  at  several  locations  along  the  original  watercourse.  The  western¬ 
most  impoundment  is  separated  by  approximately  three-tenths  of  a  mile  from 
the  nearest  of  the  other  four  and  is  the  only  part  of  the  lake  visible  from 
the  improved  road  that  crosses  the  valley  (FIG.  1,  H^) .  Here  the  lake  paral¬ 
lels  the  road  for  about  100  feet.  To  the  east  of  the  road  are  several  small, 
shallow,  isolated  ponds  that  probably  represent  earlier  transgressions  of  Haw 
Creek.  In  fact,  one  gets  the  general  impression  that  Horseshoe  Lake  once  was 
a  much  more  prominent  physiographic  feature  of  this  region  as  indicated  by 
the  presence  and  position  of  several,  interconnecting,  low  wet  areas  (FIG.  1). 

The  variety  of  truly  aquatic  plant  forms  is  small.  As  mentioned  above, 
duckweeds  were  very  abundant  in  the  eastern-most  impoundment  but  only  sparing¬ 
ly  represented  or  absent  in  the  others.  No  other  floating  forms  with  the  ex¬ 
ception  of  the  non-vascular  liverworts,  Riccia  sp.  and  Ricciocarpus  sp.,  were 
encountered.  The  rooted  emergents,  Ranunculus  f labellaris  and  Potamogeton 
f oliosus ,  were  collected  in  impoundments  H^  and  H2  respectively,  but  were  not 
abundantly  developed  at  either  site.  The  submergent  form,  Peplis  diandra, 
was  relatively  common  in  impoundment  H^. 

Along  the  low  wet  margins  of  the  exposed  portions  of  impoundments  H2, 

H3,  and  H^,  Salix  nigra  developed  dense  thickets  of  nearly  impenetrable  growth. 
Likewise,  Polygonum  hydropiperoides ,  Rumex  verticillatus ,  Sagittaria  latifolia, 
and  Typha  latifolia  became  dominant  marginal  forms  in  innumerable  shallow 
water  habitats  throughout  the  area.  Associated  with  these  abundant  marginal 
forms  in  more  restricted  distribution  were  Onoclea  sensibilis,  Cardamine 
pennsy lvanica ,  Rorippa  islandica.  Polygonum  pennsylvanicum ,  Ludwigia  alterni- 
folia,  Ludwigia  polycarpa,  Cicuta  maculata ,  Sium  suave,  Mimulus  ringens , 

Lycopus  americanus ,  Teucrium  occidentale,  Sparganium  americanum,  Sparganium 
eurycarpum,  Carex  blanda.  Car ex  grisea,  Car ex  stipata ,  Car ex  vesicaria, 

Cyperus  strigosus ,  Eleocharis  palustris ,  Eleocharis  ovata,  Scirpus  atrovirens , 
Calamogrostis  canadensis ,  and  Glyceria  septentr ionalis . 

The  drier  uncultivated  and  moderately  grazed  open  fields  and  slopes 
surrounding  the  lake  supported  a  variety  of  grasses:  Agrostis  alba,  Bromus 
commutatus ,  Hordeum  jubatum,  Phleum  pratense,  Panicum  huachucae,  Echinochloa 
crusgali,  Setaria  faberii ,  and  Setaria  lutescens .  Near  the  southern  impound¬ 
ments  of  the  lake,  well-developed  stands  of  Melalotus  alba  and  Monarda 
f istulosa  appeared  by  mid-June  on  many  of  the  steep  gravely  slopes.  This  area 
also  contained  a  spurious  assortment  of  trees:  Juniperus  virginiana,  Crataegus 
mollis ,  Gleditsia  triacanthos ,  Gymnocladus  dioicus ,  Quercus  macrocarpa,  Populus 
deltoides ,  Ulmus  rubra,  and  Maclura  pomifera.  More  stable  conditions  were 
evident  on  hilltops  where  Quercus  alba,  Quercus  imbricaria,  Quercus  macrocarpa, 
Quercus  rubra ,  Quercus  velutina,  and  Carya  ovata  have  established  a  uniform 
distribution. 

The  northern  and  western-most  impoundments  of  Horseshoe  Lake  perhaps 
display  the  greatest  encroachment  of  pioneer  vegetation  (FIG.  1,  H^  and  H5) . 
Here  there  are  prolific  invasions  of  marginal  and  bottomland  species  that  form 
dense,  wet  thickets.  This  is  particularly  true  of  the  land  west  of  the  im¬ 
proved  road  where  there  are  intermittent  low  wet  depressions.  It  appears  that 
in  time  these  isolated  wet  areas  will  become  thoroughly  choked  and  obliterated 
by  a  succession  of  vegetation  types. 
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Because  the  study  had  to  be  terminated  by  late  July,  a  presumably  large 
number  of  late  summer  and  early  fall  taxa  could  not  be  accounted  for.  During 
the  brief  period  of  the  survey,  a  total  of  193  vascular  plant  taxa  were  col¬ 
lected  and  identified.  In  that  this  area  unquestionably  deserves  further 
botanizing,  the  existing  enumeration  of  vascular  plants  could  be  significantly 
enlarged . 
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CHECKLIST  OF  VASCULAR  PLANTS  COLLECTED 
IN  THE  HORSESHOE  LAKE  AREA,  KNOX  COUNTY,  ILLINOIS 


Nomenclatural  treatment  employed  in  the  following  checklist  is  that  of 
Jones  (1963) .  All  plant  records  are  on  deposit  in  the  Elizabeth  Teter  Lunn 
Herbarium  of  Lake  Forest  College,  Lake  Forest,  Illinois. 


FERNS  AND  FERN  ALLIES 


Crucif erae 


Equisetaceae  Cardamine  pennsylvanica  Muhl. 

Rorippa  is land ic a  (Oeder)  Borbas. 

Equisetum  hyemale  L. 

Hypericaceae 

Polypodiaceae 

Hypericum  punctatum  Lam. 

Onoclea  sensibilis  L. 

Tiliaceae 

GYMNOSPERMS 

Tilia  americana  L. 

Pinaceae 

Malvaceae 

Juniper us  virginiana  L. 

Picea  glauca  Moench.  Malva  sylvestris  L. 

Pinus  sylvestris  L. 

Caryophyllaceae 

ANGIOSPERMS 

Dianthus  armeria  L. 

Ranunculaceae  Silene  nivea  (Nutt.)  Otth. 


Ranunculus  abortivus  L. 
Ranunculus  f labellaris  Raf . 

Podophyllaceae 

Podophyllum  peltatum  L. 


Polygonaceae 


Polygonum 

Polygonum 

Polygonum 

Polygonum 

Polygonum 


convolvulus  L. 
hydropiper  L. 
hydropiperoides  Michx. 
pennsylvanicum  L. 
punctatum  Ell. 
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Rumex  crispus  L. 

Rumex  verticillatus  L. 

Rutaceae 

Ptelea  trif oliata  L. 

Oxalidaceae 

Oxalis  stricta  L. 

Balsaminaceae 

Impatiens  biflora  Walt. 

Impatiens  pallida  Nutt. 

Euphorbiaceae 

Euphorbia  corollata  L. 

Anacardiaceae 

Rhus  glabra  L. 

Rhus  radicans  L. 

Aceraceae 

Acer  negundo  L. 

Rhamnaceae 

Rhamnus  f rangula  L. 

Vitaceae 

Parthenocissus  quinquef olia  Planch. 
Vitis  vulpina  L. 

Rosaceae 

Agrimonia  pubescens  Wallr. 

Crataegus  mollis  (T.  &  G.)  Scheele. 
Fragaria  virginiana  Duch. 

Geum  canadense  Jacq. 

Geum  laciniatum  Murr. 

i  ■  .  —  - 

iPotentilla  monspeliensis  L. 
Potentilla  recta  L. 

Prunus  lanata  (Sudw.)  Mack.  &  Bush. 
Prunus  serotina  Ehrh. 

Rosa  multiflora  Thunb . 

Rosa  setigera  Michx. 

Rosa  setigera  var.  tomentosa  T.  &  G. 
Rubus  allegheniensis  Porter 
Rubus  occidentalis  L. 


Leguminosae 

Amphicarpa  bracteata  (L.)  Fern. 

Apios  americana  Medic. 

Cassia  fasciculata  Michx. 

Desmodium  longifolium  (T.  &  G.)  Smyth. 
Gleditsia  triacanthos  L. 

Glycine  max  Merr . 

Gymnocladus  dioicus  (L.)  K.  Koch. 
Medicago  lupulina  L. 

Medicago  sativa  L. 

Melilotus  alba  Desr. 

Melilotus  officianalis  (L.)  Lam. 
Trifolium  hybridum  L. 

Trifolium  pratense  L. 

Grossulariaceae 

Ribes  missouriense  Nutt. 

Platanaceae 

Platanus  occidentalis  L. 

Penthoraceae 

Penthorum  sedoides  L. 

Fagaceae 

Quercus  alba  L. 

Quercus  imbricaria  Michx. 

Quercus  macrocarpa  Michx. 

Quercus  rubra  L. 

Quercus  velutina  Lam. 

Juglandaceae 

Carya  ovata  (Mill.)  K.  Koch. 

Juglans  nigra  L. 

Salicaceae 

Populus  deltoides  Marsh. 

Salix  amygdaloides  Anders. 

Salix  interior  Rowlee. 

Salix  nigra  Marsh. 

Ulmaceae 

Celtis  occidentalis  L. 

Ulmus  rubra  Muhl. 


Moraceae 


Convolvulus  americanus  (Sims)  Greene. 


Maclura  pomifera  (Raf.)  Schneid. 

Cannabinaceae 
Humulus  americanus  Nutt. 
Urticaceae 

Boehmeria  cylindrica  (L.)  Sw. 
Laportea  canadensis  (L . )  Gaud . 

Lythraceae 

Ly thrum  alatum  Pursh. 

Peplis  diandra  Nutt. 

Onagraceae 

Circaea  latif olia  Hill. 

Ludwigia  alternif olia  L. 

Ludwig ia  polycarpa  Short  &  Peter. 
Oenothera  biennis  L. 

Cornaceae 

Cornus  obliqua  Raf. 

Cornus  racemosa  Lam. 

Umbellif erae 

Cicuta  maculata  L. 

Pastinaca  sativa  L. 

Sium  suave  Walt. 

Primulaceae 

Lysimachia  ciliata  L . 

Lysimachia  hybrida  Michx. 

Apocynaceae 

Apocynum  cannabinum  L. 

Asclepiadaceae 

Asclepias  incarnata  L. 

Asclepias  syriaca  L. 

Asclepias  verticillata  L. 

Convolvulaceae 


Solanaceae 

Physalis  heterophylla  Nees. 

Solanum  carolinense  L. 

Scrophulariaceae 

Mimulus  ringens  L. 

Scrophularia  marilandica  L. 

Verbascum  thapsus  L. 

Veronica  peregrina  L. 

Veronicastrum  virginicum  (L.)  Farw. 

Acanthaceae 

Ruellia  humilis  Nutt. 

Plantaginaceae 

Plantago  aristata  Michx. 

Plantago  rugelii  Dec. 

Verbenaceae 

Verbena  stricta  Vent. 

Verbena  urticif olia  L. 

Phrymaceae 

Phryma  leptostachya  L. 

Labiatae 

Lycopus  americanus  Muhl. 

Lycopus  virginicus  L. 

Monarda  f istulosa  L. 

Prunella  vulgaris  L. 

Pycnanthemum  f lexuosum  B.S.P. 
Pycnanthemum  virginianum  (L.)  Dur.  & 
Jacks. 

Scutellaria  lateriflora  L. 

Scutellaria  ovata  Hill. 

Stachys  arenicola  Britt. 

Teucrium  canadense  L. 

Teucrium  occidentale  A.  Gray. 

Rubiaceae 

Galium  aparine  L. 

Galium  concinnum  T.  &  G. 
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Galium  tinctorium  L. 


Juncaceae 


Galium  vaillantii  DC. 
Caprifoliaceae 

Lonicera  prolifera  (Kirchn.)  Rehd. 
Sambucus  canadensis  L. 

Triosteum  perfoliatum  L. 

Viburnum  lentago  L. 

Campanulaceae 

Campanula  americana  L. 

Lobeliaceae 

Lobelia  inf lata  L. 

Compositae 

Achillea  millefolium  L. 

Ambrosia  trif ida  L. 

Cirsium  vulgare  (Savi)  Tenore. 
Erigeron  annuus  (L.)  Pers. 

Erigeron  philadelphicus  L. 
Helianthus  grosseserratus  Martens . 
Lactuca  canadensis  L. 

Lactuca  floridana  (L.)  Gaertn. 
Lactuca  saligna  L. 

Lactuca  scariola  L. 

Ratibida  pinnata  (Vent.)  Barah. 
Rudbeckia  hirta  L. 

Rudbeckia  triloba  L. 

Silphium  perfoliatum  L. 

Taraxacum  officinale  Wiggers. 
Vernonia  missurica  Raf. 

Alismaceae 

Alisma  sub cord atum  Raf. 

Alisma  triviale  Pursh. 

Sagittaria  latifolia  Willd. 

Potamogetonaceae 

Potamogeton  foliosus  Raf. 

Liliaceae 

Hemerocallis  fulva  L. 

Lilium  michiganense  Farw. 

Smilax  hispida  Muhl. 

Trillium  recurvatum  Beck. 


Juncus  tenuis  Willd. 

Iridaceae 

Iris  shrevei  Small. 

Sisyrinchium  campestre  Bickn. 

Araceae 

Arisaema  dracontium  (L.)  Schott. 

Lemnaceae 
Lemna  minor  L. 

Spirodela  polyrhiza  (L.)  Schleid. 
Wolf f ia  columbiana  Karst. 

Typhaceae 

Typha  latifolia  L. 

Sparganiaceae 

Sparganium  americanum  Nutt. 
Sparganium  eurycarpum  Engelm. 

Cyperaceae 

Carex  bland a  Dewey. 

Carex  grisea  Wohl. 

Carex  lupulina  Muhl. 

Carex  scoparia  Schk. 

Carex  stipata  Muhl. 

Carex  vesicaria  L. 

Cyperus  esculentus  L. 

Cyperus  strigosus  L. 

Eleocharis  obtusa  (Willd.)  Schult 
Eleocharis  ovata  (Roth.)  R.  &  S. 
Eleocharis  palustris  (L.)  R.  &  S. 
Scirpus  atrovirens  Willd. 

Scirpus  lineatus  Michx. 

Scirpus  validus  Vah. 

Gr amine ae 

Agros tis  alba  L. 

Andropogon  furcatus  Muhl. 

Bromus  commutatus  Schrad. 
Calamogrostis  canadensis  (Michx.) 
Echinochloa  crusgalli  (L.)  Beav. 
Glyceria  septentrionalis  Hitchc. 


Beav. 


387 


Hordeum  jubatum  L. 

Hystrix  patula  Moench. 

Panicum  huachucae  Ashe. 

Phleum  pratense  L. 

Setaria  faberii  Herm. 

Setaria  lutescens  (Weigl . )  F . T .  Hubb . 
Spartina  pectinata  Link. 
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COMPARATIVE  STUDY  OF  AUREOBAS IDIUM  (PULLULARIA)  PULLULANS 
AND  RHODOTORULA  GLUT IN IS  PIGMENTS 

Delores  Ivery,  C.  F.  Lange*  and  E.  Merdinger 

Department  of  Microbiology,  Loyola  University 
Stritch  School  of  Medicine,  2160  South  First 
Avenue,  Maywood,  Illinois  60153,  and  Hines 
V.  A.  Hospital,  Hines,  Illinois 

ABSTRACT 

A  comparative  study  of  Aureobasidium  (Pullularia) 
pullulans  and  Rhodotorula  glutinis  pigments  has  been 
made.  These  pigments  were  revealed  to  be  insoluble 
substances  and  generally  chemically  unreactive.  Both 
pigments  were  closely  associated  with  protein  and 
contained  small  percentages  of  carbohydrate.  Absorp¬ 
tion  peaks  characteristic  of  carotenoid  structures 
were  absent.  The  infrared  spectra  of  both  pigments 
showed  vibrational  frequencies  distinct  from  those 
reported  for  natural  and  synthetic  melanins. 

INTRODUCTION 

Colonies  of  most  species  of  yeast  appear  white,  or  white  with  a 
grayish  or  yellowish  cast,  as  they  age,  certain  species  produce  pigments. 
Comparatively  few  yeast  produce  appreciable  amounts  of  pigment  and  those 
that  do  almost  exclusively  exhibit  red  to  yellow  pigments  even  though 
the  various  coloring  matters  may  be  chemically  unrelated. 

Luteraan  et  al.  (1947)  obtained  evidence  that  yeast-like  fungi 
synthesize  pigments,  carotenes,  and  red  quinoid  compounds  which  were 
involved  in  the  mediation  of  oxygen  through  the  respiratory  process. 

As  the  quinoid  compounds  were  eventually  fully  oxidized  to  melanic 
derivatives  they  become  useless  for  respiratory  purposes  and  were  stored 
in  the  membrane  or  excreted. 

Aureobasid ium  (Pullularia)  pullulans ,  commonly  called  a  "black  yeast, 
is  important  industrially  because  it  causes  paint  deterioration,  discolora 
tion  of  lumber,  injury  to  plants  and  plant  products.  It  has  also  been 
implicated  in  human  infections  (Wynne  and  Gott,  1956).  Initially  the 
appearance  of  a  young  colony  is  from  white  to  tan  to  light  pink;  upon 
aging,  colonies  turn  greenish  and  finally  black.  Information  suggesting 
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media  for  producing  high  concentrations  of  this  pigment  has  been  published 
(Lingappa  ^t  a^. ,  1963;  and  Merdinger,  1964). 

Rhodotorula  glutinis  has  been  obtained  from  human  and  animal  sources. 

It  has  been  found  in  the  soil  together  with  other  yeast.  Species  of  the 
genus  Rhodotorula  are  by  definition  all  pigmented,  the  color  varying 
from  a  pale  to  deep  salmon  pink.  The  color  has  been  reported  to  be  due 
to  the  presence  of  carotenoid  pigments  (Bonner  et  al.  1946,  Nakayama  et  al . , 
1954  and  Phaff  ejt  al . ,  1952).  In  certain  cases  however,  demonstration  of 
the  presence  of  carotenoids  was  made  by  visible  observation  of  the  color 
or  non-specific  tests. 

This  investigation  was  undertaken  to  isolate  and  characterize 
pigments  from  Aureobasidium  (Pullularia)  pullulans  and  Rhodotorula  glutinis 
cultures.  The  comparative  study  of  certain  chemical  properties  of  these 
pigments  was  made  in  order  to  determine  whether  there  exists  any  similari¬ 
ties  between  these  substances  in  the  hope  of  ultimately  gaining  greater 
knowledge  and  improved  understanding  of  the  nature  of  these  substances. 

MATERIALS  AND  METHODS 


Organism  and  growth  conditions. 

Aureobasidium  (Pullularia)  pullulans  (strain  NRRL  YB-4515)  was  grown 
in  a  medium  consisting  of  0.3%  malt  and  yeast  extracts  (Difco,  Detroit, 
Mich.  U.S.A.),  0.01%  K2HPO4,  0.05%  MgSO^,  and  0.01%  KH2P04. 

Rhodotorula  glutinis  (strain  NRRL  YB-4027)  was  kindly  furnished  by 
Dr.  C.  P.  Kurtzman,  United  States  Department  of  Agriculture,  Agriculture 
Research  Service,  Peoria,  Illinois.  The  yeast  was  grown  in  a  medium 
consisting  of  0.3%  malt  and  yeast  extracts,  0.5%  peptone  (Difco,  Detroit, 
Mich.  U.S.A.),  and  1%  glucose. 

Harvesting  and  extraction  of  pigment. 

Details  of  growth  of  cells,  isolation  and  preparation  of  Pullularia 
pigment  have  been  described  previously  (Merdinger,  1969). 

A  48  h  Rhodotorula  glutinis  culture  was  checked  for  contamination 
microscopically  and  by  plating  on  nutrient  agar.  If  free  of  contamination, 
100  ml  of  the  culture  were  used  as  inoculum  and  added  to  one  liter  of 
broth  medium.  The  cultures  were  shaken  in  a  Lab-line  Constant  Temperature 
Shaker,  with  a  rheostat  setting  of  3.0,  at  25  C,  for  7  days.  The  7  day 
culture  was  checked  for  contamination  as  previously  described  and  if 
free  of  contamination,  100  ml  were  aseptically  transferred  to  a  one  liter 
of  fresh  broth  medium.  Both  cultures  were  then  shaken  at  25  C  for  7  days. 
The  cultures  were  again  checked  for  contamination  and  if  free  of  contamina¬ 
tion,  the  14  day  cultures  were  immediately  stored  at  7  C  until  harvesting. 

A  100  ml  culture  was  taken  aseptically  from  the  7  day  culture  and  trans¬ 
ferred  to  one  liter  broth  medium.  Both  cultures  were  then  shaken  for 
7  days  and  processed  as  previously  described.  This  procedure  was  repeated 
until  a  sufficient  quantity  of  14  day  cells  were  harvested. 
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Cultures  were  harvested  by  centrifugation  at  755  x  g  at  4  C  and 
were  washed  first  with  0.9%  NaCl  and  then  with  distilled  water  until 
free  from  chloride.  Test  for  the  presence  of  chloride  in  water  washings 
was  made  using  1%  aqueous  silver  nitrate  solution.  Washed  cells  were 
broken  by  adding  to  each  gram  of  cells  3.0  g  of  0.1  mm  glass  beads  and 
3.0  ml  0.2  M  phosphate  buffer  at  pH  7.0  in  a  Sorvall  Omni-mix.  Rupturing 
of  cells  was  performed  at  5  C  at  a  rheostat  setting  of  100  for  1  h, 
at  which  point  microscopic  examination  indicated  80-85%  breakage.  The 
homogenate  was  centrifuged  10  min  at  600  x  g  and  4  C.  Supernatant  fluid 
was  decanted  and  sequentially  centrifuged  at  8,000  and  25,000  x  g  for 
10  min,  followed  by  centrifugation  at  105,000  x  g  for  1  h.  The  pigment 
residue  isolated  at  105,000  x  g  was  washed  with  0.1  N  NaOH  followed 
by  0.2  M  phosphate  buffer,  pH  7.0  and  then  several  times  with  deionized 
water.  The  sediment  was  dialyzed  overnight  against  deionized  water, 
and  lyophilized. 

The  dried  yeast  pigments  as  well  as  synthetic  melanin  (K-K  Labora¬ 
tories,  Plainview,  N.  Y.)  were  further  purified  before  analysis  by  washing. 
Melanin  and  the  Pullularia  pigment  were  washed  in  saline  with  mixing 
on  a  Vortex  Mixer  for  5  min;  followed  by  centrifugation  at  480  x  g  for 
30  min  and  removal  of  the  saline  wash.  They  were  then  washed  three  times 
with  deionized  water  with  mixing;  followed  by  centrifugation  at  480  x  g 
for  30  min  in  each  case.  The  Rhodotorula  pigment  was  washed  in  a  similar 
manner  except  for  centrifugation  at  105,000  x  g  for  1  h  after  each  wash. 

The  pigments  were  then  dried  by  lyophilization.  These  procedures  have 
been  previously  shown  to  yield  pure  pigment  preparations  free  of  cellular 
debris  (Merdinger,  1964). 

Mild  Mineral  Acid  Hydrolysis. 

To  a  25  ml  round  bottom  flask  was  added  for  every  2  mg  of  pigment, 

1  ml  of  2  N  HC1.  The  flask  was  attached  to  a  reflux  condenser,  placed 
in  a  heating  manifold,  and  refluxed  for  1  h.  After  cooling,  the  mixture 
was  removed  from  the  flask  and  placed  in  a  conical  test  tube  and  centri¬ 
fuged  for  10  min  at  280  x  g.  The  hydrolysate  was  removed  from  the  tube. 

To  approximately  every  2  mg  of  residue  was  added  1  ml  2  N  HC1.  This 
mixture  was  again  placed  in  a  25  ml  round  bottom  flask,  heated  under 
reflux  for  1  h  and  the  acid  hydrolysate  was  removed  in  the  same  manner  as 
previously  described.  The  remaining  residue  was  washed  several  times 
with  deionized  water  and  freeze  dried.  Residues  were  analyzed  by  IR 
Spectroscopy.  Hydrolysates  were  dried  under  vacuo  in  a  rotary  evaporator 
and  redissolved  in  a  minimum  volume  of  distilled  water  for  further  analysis. 

Analytical  Methods. 

Solubility  and  qualitative  analysis  of  the  elements  were  determined 
according  to  Shriner  et  al . (1967 ) . 

Protein  was  estimated  by  a  microadaptation  of  the  method  of  Lowry 
et  al.  (1951) .  Spectrophotometer  readings  were  made  at  250  nm  in  a 
Beckman  DU  spectrophotometer  and  converted  to  micrograms  of  protein  per 
milliliter  by  a  serum  albumin  standard  curve. 
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Hexose  content  was  determined  quantitatively  by  the  anthrone  reaction 
(Scott  and  Melvin,  1953)  with  glucose  solutions  used  as  standards. 

Paper  and  Thin  Layer  Chromatography. 

Hydrolysates  were  chromatographed  on  Whatman  No.  1  filter  paper  and 
Eastman  silica  and  cellulose  thin  layer  sheets  (without  fluorescent 
indicator) :  and  compared  with  authentic  carbohydrate  and  amino  acid 

standards.  The  developing  systems  were  n-butyl  alcohol/ethyl  alcohol/ 
water  (57:34.5:8.5)  and  ethyl  acetate/pyridine/water  (10:4:3).  Carbo¬ 
hydrate  and  amino  acid  spots  were  detected  by  aniline  oxalate  and  ninhy- 
drin  spray  reagents. 

Amino  Acid  Analysis. 

Quantitative  total  amino  acid  analyses  were  performed  on  a  Spinco 
Model  120C  Amino  Acid  Analyzer  by  the  method  of  Spackman  et  al_.  (1958)  . 
Pigment  preparations  of  approximately  1-3  mg  were  hydrolyzed  for  22  h 
in  1.0  ml  6  N  HC1  in  evacuated  and  sealed  Pyrex  tubes  at  110  C.  Times 
of  hydrolysis  ranged  between  22  and  120  h.  After  hydrolysis  acid  was 
removed  at  room  temperature  rn  vacuo  over  NaOH. 

Spectroscopy. 

Infrared  spectra  on  pigments  incorporated  into  KBr  disks  were  obtained 
with  a  Perkin-Elmer  model  700  spectrophotometer;  and  ultraviolet  and 
visible  spectra  were  obtained  with  a  Beckman  DU  spectrophotometer. 

RESULTS 


Optimal  growth  and  pigment  formation  occurred  between  five  to 
twelve  days  in  Aureobasid ium  (Pullularia)  pullulans  cultures  and  between 
twelve  to  fourteen  days  in  Rhodotorula  glutinis  cultures.  The  isolated 
pigments  were  non-granular . 

The  elementary  composition  of  the  pigments  consisted  of  carbon, 
hydrogen,  nitrogen,  and  sulfur.  The  presence  of  nitrogen  and  sulfur 
were  not  detected  by  chromatographic  analysis. 

The  most  striking  characteristic  of  the  pigments  seemed  to  be  their 
complete  insolubility  in  water  and  their  almost  complete  insolubility 
in  most  of  the  common  organic  solvents  as  shown  in  Table  1.  Both  pigments 
were  slightly  soluble  in  acetone  with  no  color  being  extracted.  They 
were  slightly  soluble  in  alkali  and  acid  with  color  extracted  and  (or) 
formation,  in  most  cases.  This  solubility  behavior  is  similar  to  melanin 
(Wolman,  1969). 

Pigment  hydrolysates  obtained  from  mild  HC1  hydrolysis  produced 
positive  color  development  with  the  Lowry  assay  indicating  the  presence 
of  protein  nitrogen. 
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TABLE  1.  Comparison  of  the  solubility  of  pigments  from 
Pullularia  pullulans  and  Rhodotorula  glutinis 


Pigments 

Solubility  Pullularia  pullulans  Rhodotorula  glutinis 


Cold  distilled  water 

— 

- 

Hot  distilled  water 

— 

— 

Acetone 

Sit.  S 

Sit.  S 

Benzene 

- 

- 

Butanol 

— 

- 

Carbon  Disulfide 

— 

Sit.  s 

Chloroform 

- 

Sit.  S  (pale  pink) 

Cyclohexanone 

— 

II 

Dioxane 

— 

II 

Ethanol 

- 

II 

Hexane 

- 

II 

Methanol 

- 

II 

Petroleum  Ether 

- 

II 

Propanol 

- 

II 

Sodium  Hydroxide,  5% 

Sit.  S  (green) 

Sit.  s 

Sodium  Carbonate,  5% 

— 

— 

Glacial  Acetic  Acid,  97% 

Sit.  S  (brown) 

Sit.  s 

Hydrochlorid  Acid,  37% 

Sit.  S  (brown-red) 

sit.  s 

Nitric  Acid,  71% 

Sit.  S  (brown) 

Sit .  S  (green) 

Sulfuric  Acid,  95% 

fl 

S  (amber) 

6  N  HC1,  followed  by  6  N  NaOH 

Sit.  S  (red  change 
to  green) 

Sit.  S.  (no  color 
change) 

(-)  Indicates  Insolubility 

Sit.  S  Indicates  Slightly  Soluble 

S  Indicates  Soluble 


Carbohydrate  analysis  of  concentrated  pigment  hydrolysates  indicated 
that  Pullularia  pigment  had  a  carbohydrate  content  of  0.5  per  cent, 
while  Rhodotorula  pigment  contained  a  carbohydrate  content  of  approxi¬ 
mately  3.0  per  cent. 

Glucose  was  the  only  monosaccharide  detected  by  paper  and  thin 
layer  chromatography  in  Pullularia  pigment  hydrolysates.  Galactose, 
glucose,  mannose,  and  a  fast  moving  component  with  the  same  mobility  ratio 
as  ribose  were  detected  in  Rhodotorula  pigment  hydrolysates. 

The  color  of  the  Pullularia  pigment  remained  unchanged  after  hydro¬ 
lysis  in  strong  mineral  acid;  16  per  cent  of  the  pigment  starting  material 
was  recovered  after  120  h  hydrolysis.  Rhodotorula  glutinis  (105,000  x  g) 
was  easily  hydrolyzable  with  strong  acid.  Approximately  100  per  cent  of 
this  material  was  hydrolyzed  with  6  N  HC1  in  24  h  as  shown  in  Table  2. 
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TABLE  2 

.  Mineral 

acid  hydrolysis 

of  pigments  with  6  N  HC1 

Pigment 

Time 

hydrolyzed 

(hr) 

Quantity  of 
pigment 
*  hydrolyzed 
(mg) 

Quantity  of 
pigment  after 
hydrolysis 
(mg)  ^ 

%  Pigment 
Recovered  after 
hydrolysis 

Pullularia 

24 

3.0 

1.30 

43.3 

48 

3.0 

0.95 

31.6 

72 

3.0 

0.65 

21.6 

96 

3.0 

0.40 

13.6 

120 

2.5 

0.40 

16.0 

Rhodotorula 

24 

3.0 

£0 . 005 

£0.1 

72 

3.0 

£0.005 

£0.1 

120 

3.0 

£0.005 

£0.1 

£ 

Conditions  as  for  amino  acid  analysis  -  see  Methods. 

^Residues  were  recovered,  washed  with  distilled  water,  dried  and  weighed. 


Commercial  melanin  was  found  to  be  resistant  to  hydrolysis  since  35 
per  cent  of  the  pigment  could  still  be  recovered  after  168  h  of  hydro¬ 
lysis.  The  color  of  melanin  remain  unchanged  even  after  this  extensive 
period  of  hydrolysis. 

Results  of  quantitative  total  amino  acid  analysis  of  pigments  are 
recorded  in  Tables  3  and  4.  The  mean  value  of  amino  acids  released 
during  24,  72  and  120  h  hydrolysis  was  taken  as  representing  the  tru 
content  of  the  amino  acids  in  the  Pullularia  pigment  hydrolysate,  while 
the  average  of  24  and  62  h  hydrolysis  was  taken  as  representing  the  true 
amino  acid  content  in  the  Rhodotorula  pigment  hydrolysate.  Quantitative 
total  amino  acid  analysis  of  melanin  is  recorded  in  Table  5.  Tyrosine 
accounted  for  63.5  per  cent  of  the  amino  acid  composition  of  the  hydro¬ 
lyzable  protein  in  the  melanin  sample. 

Visible  absorption  spectra  of  the  yeast  pigments  in  hexane  and 
carbon  disulfide  revealed  very  little  about  their  structure.  Over 
the  visible  wavelengths,  pigment  solutions  had  little  absorbance  with 
no  apparent  absorption  bands.  Plain  curves  without  specific  absorption 
maxima  were  produced  (Fig.  1),  similar  to  those  of  melanin. 

The  infrared  spectra  of  the  Pullularia  pigment;  raw,  washed,  and 
acid  treated,  were  all  similar  to  each  other.  This  was  also  true  for 
the  Rhodotorula  pigment  (105,000  x  g) .  The  Pullularia  and  Rhodotorula 
pigments  have  spectra  that  are  similar  to  each  other  (Fig.  2).  Both 
had  characteristic  absorption  which  could  be  attributed  to  the  amine 
or  aromatic  hydroxy  bond  (at  about  3300  cm-'*"),  C-H  stretching  which 
could  be  attributed  to  an  alkane  (at  about  3300  cm"*-),  carbonyl  vibration 
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TABLE  3.  Results  obtained  in  Amino  Acid  Analysis  of 
Pullularia  pullulans  Pigment  in  yg% 


Amino  Acid 

Acid  Hyd 
24  ' 

rolysis 

72 

(hours) 

120 

Amino  Acid  Composition 
Average 

Lysine 

4.2 

5.3 

6.1 

5.20 

Histidine 

1.7 

2.2 

3.2 

2.37 

Arginine 

3.9 

3.9 

5.0 

4.27 

Aspartic 

11.0 

11.3 

11.4 

11.23 

Threonine 

9.1 

9.2 

8.6 

8.97 

Serine 

8.5 

7.7 

6.5 

7.57 

Glutamic 

9.1 

10.1 

10.7 

9.97 

Proline 

5.1 

Tr* 

Tr 

1.70 

1/2  Cyst. 

Tr 

Tr 

Glycine 

5.5 

7.1 

7.0 

6.53 

Alanine 

7.8 

9.7 

9.2 

8.90 

Valine 

7.1 

7.3 

8.5 

7.63 

Methionine 

Tr 

Tr 

Tr 

Tr 

Isoleucine 

5.6 

6.6 

7.1 

6.43 

Leucine 

6.7 

7.7 

7.8 

7.40 

Tyrosine 

3.5 

1.8 

2.8 

2.70 

Phenylalanine 

5.0 

6.7 

6.0 

5.90 

Glucosamine 

6.3 

3.3 

3.20 

Cysteic  Acid 

Tr 

Tr 

Tr 

Tr 

100.1 

99.9 

99.9 

100.1 

Total  Sample,  mg 

3.00 

3.00 

2.50 

2.83 

Total  yg 

recovered 

62.85 

49.36 

38.54 

50.25 

Per  cent  total 

sample  recovered 

2.09 

1.64 

1.28 

1.64 

Tr:  Trace  or  too  little  to  quantitate  (less  than  5  nM) . 


(at  about  1700  cm--*-) ,  C-0,  CN,  or  0-H  vibration  (at  about  1700  cm-l),  and 
C,  C-N,  or  0-H  vibration  (at  about  1080  cm--*-)  .  These  spectra  showed 
vibrational  frequencies  distinct  from  the  infrared  spectra  of  natural  and 
synthetic  melanins  which  have  been  previously  reported  (Van  Woert  et_  al . 
1967),  and  the  commercial  melanin  used  in  this  study. 


TABLE  4.  Results  obtained  in  Amino  Acid  Analysis  of 
Rhodotorula  glut inis  Pigment  in  yg% 


Acid  Hydrolysis  (hours)  Amino  Acid  Composition 
Amino  Acid  24  72  Average 


Lysine 

6.71 

7.09 

6.90 

Histidine 

1.56 

2.41 

1.99 

Arginine 

5.87 

6.14 

6.00 

Aspartic 

10.31 

9.87 

10.09 

Threonine 

5.30 

4.98 

5.14 

Serine 

3.18 

4.99 

4.09 

Glutamic 

13.93 

11.83 

12.88 

Proline 

5.99 

5.52 

5.76 

1/2  Cyst 

— 

— 

— 

Glycine 

5.49 

5.40 

5.44 

Alanine 

9.07 

8.20 

8.63 

Valine 

6.68 

7.60 

7.14 

Methionine 

— 

— 

— 

Isoleucine 

4.78 

5.77 

5.28 

Leucine 

9.12 

9.71 

9.41 

Tyrosine 

3.25 

2.32 

2.79 

Phenylalanine 

4.77 

5.36 

5.07 

Glucosamine 

2.12 

.59 

1.35 

Custeic  Acid 

.88 

1.12 

1.00 

Methionine 

Sulfoxide 

1.07 

1.09 

1.08 

100.08 

99.99 

100.04 

Total  Sample,  mg 

3.00 

3.00 

3.00 

Total  yg  recovered 

278.6 

212.6 

245.6 

Per  cent  total  sample 

9.29 

7.08 

8.19 
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TABLE  5.  Results  obtained  in  Amino  Acid  Analysis  of  Melanin  in  yg % 


Acid  Hydrolysis  (hours)  Amino  Acid  Composition 


Amino  Acid 

24 

72 

Average 

Lysine 

2.6 

3.0 

2.80 

Histidine 

— 

— 

— 

Arginine 

— 

— 

— 

Aspartic 

5.4 

4.6 

5.00 

Threonine 

2.4 

1.2 

1.80 

Serine 

3.7 

1.8 

2.74 

Glutamic 

3.9 

4.6 

4.25 

Pro line 

Tr 

Tr 

Tr 

1/2  Cyst 

— 

— 

— 

Glycine 

3.3 

3.1 

3.2 

Alanine 

2.6 

1.5 

2.05 

Valine 

1.4 

2.4 

1.90 

Methionine 

3.5 

3.6 

3.55 

Isoleucine 

2.3 

1.4 

1.85 

Leucine 

2.7 

2.3 

2.50 

Tyrosine 

62.4 

64.6 

63.50 

Phenylalanine 

3.9 

5.7 

4.80 

100.1 

99.9 

99.95 

Total  sample,  mg 

2.2 

2.0 

2.1 

Total  yg  recovered 

34.2 

28.8 

31.5 

Percent  total  sample 

1.55 

1.44 

1.50 
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Fig.  1.  Visible  adsorption  spectra  of  the  yeast  pigments  in  hexane 

(upper  curves)  and  in  carbon  disulfide,  lower  curves.  Concentra¬ 
tions  were  1.0  mg  Rhodotorula  pigment  in  either  3.0  ml  carbon 
disulfide  or  5.0  ml  of  hexane.  The  concentration  of  the 
Pullularia  pigment  was  1.5  mg  in  3.0  ml  carbon  disulfide  and 
1.4  mg  in  5.0  ml  hexane. 
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absorbance 


3500  3000  2500  2000  1800  1600  1400  1200  1000  800 

FREQUENCY  (CM4) 

Fig.  2  Infrared  spectra  of  Pullularia  and  Rhodotorula  pigments. 

Fig.  a  is  1.5  mg  Rhodotorula  pigment  in  200  mg  KBr. 

Fig.  b  is  1.0  mg  Pullularia  pigment  in  200  mg  KBr. 
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DISCUSSION 


Solubility  behavior  of  the  pigments  indicated  that  these  materials 
were  not  readily  soluble,  were  chemically  unreactive,  and  perhaps  high 
molecular  weight  or  polymeric  materials  containing  acidic  and  basic 
functional  groups. 

Although  both  pigments  were  completely  insoluble  in  water,  they 
were  slightly  soluble  in  aqueous  solutions  of  acid  and  base.  The 
Pullulariapigment  behaved  as  an  indicator.  Addition  of  base  to  an  aqueous 
solution  of  the  pigment  produced  a  greenish  coloration,  and  on  acidifi¬ 
cation  the  solution  changed  to  red.  The  fact  that  this  pigment  behaved 
as  an  indicator  is  an  interesting  phenomenon  that  has  also  been  observed 
by  earlier  workers  (Merdinger,  1964  and  Ciegler  and  Wickerham,  personal 
communication).  In  marked  contrast,  the  Rhodotorula  pigment  did  not 
behave  as  an  indicator,  remaining  red  throughout  the  testing.  Neither 
pigment  gave  blue-green  colors  in  concentrated  sulfuric  acid  as  do  certain 
carotenoids  (Florkin  and  Stotz,  1962). 

The  Rhodotorula  pigment  appeared  to  be  significantly  more  soluble 
in  the  common  organic  solvents  tested  than  the  Pullularia  pigment  which 
was  only  slightly  soluble  in  acetone  with  no  color  being  extracted. 

Color  was  extracted  from  the  Rhodotorula  pigment  in  all  the  organic 
solvents  tested  except  for  acetone.  In  benzene  and  butanol  the  pigment 
appeared  to  be  insoluble. 

Carbohydrate  appeared  to  be  an  integral  part  of  the  pigments. 

These  findings  agree  with  those  of  Ciegler  and  Wickerham  (personal 
communication)  who  also  found  sugar  moieties  separable  from  pigment 
extracts. 

Carbohydrate  analysis  of  concentrated  pigment  hydrolysates  indicated 
that  the  Rhodotorula  pigment  had  approximately  3.0  per  cent  carbohydrate 
as  galactose,  glucose,  mannose,  and  possibly  ribose.  While  the  Pullularia 
pigment  had  approximately  0.5  per  cent  carbohydrate  as  glucose.  Whether 
this  carbohydrate  occurs  as  mono,  di,  or  polysaccharide  has  still  to  be 
established  for  each  pigment. 

Hydrolysis  data  suggest  that  protein  may  be  closely  associated 
with  the  pigments.  The  protein  moieties  associated  with  the  chromophores 
of  melanin  and  the  Pullularia  pigment  appear  to  be  more  protected  from 
acid  reagent  and  may  consist  of  more  stable  bonds  than  that  of  the 
Rhodotorula  pigment,  which  was  easily  hydrolyzable.  Approximately  100 
per  cent  of  the  Rhodotorula  pigment  was  hydrolyzed  in  24  h  whereas 
65  per  cent  of  melanin  was  hydrolyzed  in  168  h  and  84  per  cent  of  the 
Pullularia  pigment  was  hydrolyzed  in  120  h. 

The  yeast  pigments  produced  plain  absorption  curves  without  specific 
absorption  maxima  or  peak  intensities  in  hexane  and  carbon  disulfide 
similar  to  melanin.  Comparison  of  these  spectra  with  the  absorption  peaks 
of  carotenoids  (Florkin  and  Stotz,  1962)  indicated  that  the  pigments 
did  not  have  any  of  the  maxima  characteristic  of  carotenoids. 
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The  infrared  spectra  of  the  Pullularia  and  Rhodotorula  pigments 
were  similar  to  each  other.  There  was  no  change  in  these  even  after 
the  pigments  were  extensively  washed  or  acid  treated.  The  infrared 
spectra  of  the  pi(  mts  showed  some  characteristic  bands.  A  character¬ 
istic  absorption  which  could  be  attributed  to  the  amine  or  aromatic 
hydroxy  bond  (at  about  3300  cm“l) ,  alkane  C-H  stretching  (at  about  2920- 
2840  cm--*-),  a  carbonyl  group  (at  about  1625  cm“l)  ,  0-H  bending  or  C-N 
vibration  or  C-0  stretching  vibration  (at  about  1080  cm"-*-) ,  and  indication 
of  aromaticity  between  1500-1400  cm--*-)  . 

The  pigments  were  in  the  solid  phase,  and  there  was  a  considerable 
amount  of  line  brading  and  overlapping  in  the  spectra  which  precluded 
a  detailed  interpretation.  Comparison  of  these  spectra  with  those  of 
natural  and  synthetic  melanins  showed  the  pigment  spectra  to  be  distinct 
from  those  of  melanins  showed  the  pigment  spectra  to  be  distinct  from 
those  of  melanins. 

Although  additional  data  are  needed  (especially  data  of  carbohydrate 
and  protein  analyses),  the  spectral  results  however  suggest  that  the 
Pullularia  and  Rhodotorula  pigments  are  closely  related  structures. 
Carbohydrate  and  protein  appear  to  be  an  integral  part  of  both  pigment 
molecules,  however,  each  are  distinct  in  having  amino  acid  compositions 
of  any  typical  protein  whereas  melanin  reflects  its  probable  biosynthetic 
origin  with  its  63%  tyrosine  content.  In  this  respect  both  pigments 
are  unique  from  melanin. 

The  implications  of  this  study  seem  in  accord  with  Merdinger  (1964) 
who  reported  the  conditions  for  formation  of  pigment  by  Pullularia 
pullulans .  He  indicated  that  the  pigment  did  not  appear  to  be  identical 
with  melanin.  This  is  in  accord  with  the  findings  of  Bender  ej^  ad^.  (1959) 
and  Durell  (1968),  but  in  clear  distinction  to  the  report  of  Lingappa 
et  al.  (1963)  who  claimed  the  black  pigment  was  melanin.  The  data 
presented  here  clearly  rule  out  melanin  as  the  pigment  in  Aureobasidium 
pullulans .  Also  it  is  clear  that  the  Rhodotorula  pigment  is  not  a  carotene. 
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Abstract  The  Bloomington  meteorite  (67.8  grams) 
fell  in  Bloomington,  Illinois  in  1938,  but  was  only 
reported  in  1973.  The  meteorite  is  a  well-equili¬ 
brated  olivine-hypersthene  chondrite  (amphoterite) 
of  petrographic  type  LL6.  It  is  heavily  brecciated. 

The  brecciation  process  resulted  in  reheating  and 
the  formation  of  moderately  to  highly  fractionated 
glasses,  which  vein  the  most  brecciated  zones. 

The  meteorite  represents  a  parent  body  surface  brec¬ 
cia,  and  is  virtually  identical  to  a  number  of  other 
known  amphoterites  in  both  mineralogy  and  structure. 

The  Bloomington  meteorite  fell  between  2100  and  2200  hours  on  a  summer 
night  in  1938.  The  exact  date  could  not  be  recalled  by  the  observers, 
Reverend  Luther  Cox  and  his  son,  Henry.  The  impact  onto  porch  steps 
was  heard  but  the  meteorite  itself  could  not  be  recovered  in  the  dark. 

It  was  found  the  next  day  in  two  pieces  that  fitted  together,  weighing 
a  total  of  67.8  grams.  The  pieces  were  kept  in  a  rock  collection  of 
(now)  Reverend  Henry  Cox.  It  wasn't  until  November  16,  1973  that  Rev¬ 
erend  Cox  brought  the  specimen  to  the  attention  of  the  junior  author 
for  identification.  The  exact  location  of  the  fall  is  301  Howard  Street, 
Bloomington,  Illinois,  U.S.A.  (40°28'48"N,  89°00'15"W).  An  initial  re¬ 
port  was  made  to  The  Meteoritical  Bulletin  (Clarke,  1975). 

PETROGRAPHY 


In  thin  section  Bloomington  is  clearly  a  chondrite  but  shows  essentially 
no  chondritic  structure  other  than  diffuse  outlines  of  a  few  chondrules. 
Olivine,  orthopyroxene  (hypersthene) ,  troilite,  metal,  plagioclase,  chrom¬ 
ite,  and  diopside  are  the  phases  observed.  Whitlockite  is  undoubtedly 
present  in  minor  amounts  but  was  not  observed  in  the  course  of  the  work 
done  here.  The  major  phases,  olivine  and  hypersthene,  are  considerably 
crushed  and  disaggregated  with  larger  crystal  fragments  held  in  a  matrix 
of  comminuted  olivine  and  hypersthene.  No  monclinic  hypersthene  was  ob¬ 
served;  optical  determination  of  minor  monoclinic  fragments,  however, 
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would  be  difficult  considering  the  crushed  state  of  the  pyroxenes. 

Troilit.e  and  metal  are  typically  irregular  grains  shaped  around  sili¬ 
cates.  Most  of  the  troilite  grains  are  polycrystalline,  consisting  of  two 
to  four  crystal  units.  Similarly,  plagioclase  (oligoclase)  occurs  as 
small,  irregular  grains  up  to  lOOyum,  frequently  containing  inclusions 
of  troiJite  and  metal.  Chromite  occurs  as  small  grains  up  to  80/^  m,  but 
usually  much  smaller,  which  tend  to  be  more  lobate,  frequently  showing 
the  effects  of  crushing  (highly  fractured) . 

Running  through  the  thin  section  are  opaque,  glassy  veins.  Within  these 
occur  fragments  of  the  meteorite  ranging  from  several  millimeters  across 
to  finely  comminuted  grains  of  a  few  microns.  In  addition,  these  veins 
occasionally  show  narrow  trains  of  submicron-size  blebby  sulfide  grains 
that  are  morphologically  different  from  the  sulfide  in  the  main  meteorite. 
They  appear  to  have  been  mobilized  and  deposited  in  the  opaque  glass, 
either  from  a  melt  or  vapor  phase. 

A  polished  surface  of  the  whole  meteorite  (Fig.  1)  better  illustrates 
the  nature  of  these  structures.  The  meteorite  is  clearly  a  breccia  very 
much  like  Manbhoom  (Fredriksson  et  al,  1968;  Mason  and  Wiik,  1964). 

MINERAL  CHEMISTRY 


No  bulk  analysis  of  Bloomington  was  considered  necessary  because  of  the 
small  size  of  the  original  mass,  and  because  the  meteorite  is  so  much 
like  others  of  its  class  in  both  mineralogy  and  structure. 


A  microprobe  survey  of  olivines,  pyroxenes,  and  plagioclase  grains  indi 
cates  Bloomington  is  composit ionally  well-equilibrated: 


Olivine  (mole  %)  Fa  31.4 
Hypers thene  (mole  °L )  Fs  24.7 
Diopside  (mole  %)  Fs  11.7 
Oligoclase  (mole  %)  An  16.4 


Fo  67.6 

En  70.0,  Wo  2.1 
En  45.0,  Wo  43.3 
Ab  79.6,  Or  4.0 


The  variation  from  grain  to  grain  was  within  0.5  mole  %. 


The  olivine  and  hypersthene  compositions  place  Bloomington  among  the 
most  FeO-rich  of  the  LL-group  meteorites,  just  a  little  below  Jelica, 
which  is  the  most  FeO-rich  ordinary  chondrite  known  (Fredriksson  et  al, 
1968,  Mason,  1963,  1968). 


Table  1  gives  microprobe  analyses  made  on  two  areas  of  glassy  veins. 

One  of  these  glasses  (#1)  is  translucent  and  colorless,  while  the  other 
(#2)  is  turbid  and  brownish  colored  in  transmitted  light.  The  latter 
is  the  dominant  glass  of  the  dark  veins  which  are  so  evident  in  the  brec- 
ciated  areas  in  Fig.  1. 

Glass  #1  is  exceedingly  siliceous  and  must  represent  highly  fractionated 
melt  material  generated  by  the  brecciation  process.  The  calculated  norm 
gives  both  normative  quartz  and  corundum.  The  brown  glass  (#2),  on  the 
other  hand,  can  be  recalculated  to  a  mode  based  on  observed  phases  in 
the  meteorite,  using  the  observed  olivine  and  pyroxene  compositions. 

Glass  #2  is  enriched  in  silica  relative  to  the  average  LL  group  chondrite 
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(Keil,  1969),  and  this  is  reflected  in  the  low  olivine  content  in  the 
calculated  mode. 

Table  2  gives  the  feldspar  compositions  in  the  two  glasses  recalculated 
to  100%  and  compared  with  the  observed  feldspar  composition.  In  glass 
#1  the  albite  end-member  is  depleted  by  a  factor  of  1.7  relative  to  the 
oligoclase  in  the  meteorite  (normalized  to  unit  anorthite  end-member  con¬ 
tent)  .  In  glass  #2  albite  is  depleted  by  a  factor  of  2.4.  These  deple¬ 
tions  can  be  interpreted  as  selective  volatilization  of  sodium  relative 
to  the  less  volatile  potassium  and  refractory  calcium.  In  glass  #1  the 
loss  of  sodium  from  feldspar  would  account  for  the  high  residual  silica 
and  alumina  contents.  Similarly,  in  glass  #2  the  silica  content,  which 
is  high  relative  to  LL-group  chondrites,  results  in  more  modal  pyroxene 
relative  to  olivine  than  one  would  expect  in  an  LL-group  chondrite.  This 
could  have  resulted  from  volatilization  of  sodium. 

CONCLUSIONS 

Based  on  structure  and  mineralogy,  Bloomington  is  a  well-equilibrated 
amphoterite,  petrographic  group  LL6  (Van  Schmus  and  Wood,  1967).  The 
brecciation  structure  is  like  that  of  most  of  the  other  known  LL6  chon¬ 
drites,  and  is  very  clearly  a  parent  body  surface  breccia  (Bunch  and 
Stoffler,  in  press),  similar  in  origin  to  lunar  breccias.  The  breccia¬ 
tion  process  included  a  period  of  short-lived  reheating  and  generated 
melts  having  moderate  to  extreme  fractionation,  especially  with  the  loss 
of  easily  volatilized  sodium.  Bloomington  is  among  the  most  FeO-rich 
of  the  LL-group  chondrites,  and  it  may  have  originated  on  the  same  par¬ 
ent  body  as  the  meteorites  Manbhoom,  Jelica,  Kelly,  Paragould,  etc., 
all  of  which  show  varying  degrees  of  brecciation  and  recrystallization. 
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NOTE 

Approximately  half  the  mass  of  the  Bloomington  meteorite  is  in  the  collec¬ 
tions  of  Augustana  College,  and  half  in  the  collections  of  the  Field  Mu¬ 
seum  of  Natural  History. 
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TABLE  1.  Microprobe  analyses  of  veining  glasses 


Glass  #1 

Glass  #2 

Si02 

72.58 

48.77 

Ti02 

0.00 

0.14 

a12°3 

22.82 

1.36 

FeO 

0.86 

23.82 

MgO 

0.00 

24.92 

CaO 

1.89 

1.79 

Na20 

2.94 

0.38 

k2o 

0.63 

0.12 

Sum 

101.72% 

101.30% 

Norm  (wt.7o) 

Mode  (wt 

.%) 

Q 

48.6 

Fo(67.6) 

36.8 

Cor 

13.7 

En(70.0) 

50.0 

Ab 

24.7 

Di(79.2) 

7.1 

An 

9.4 

Ab 

3.5 

Or 

3.6 

An 

1.9 

Or 

0.8 

TABLE  2. 


Normalized 

feldspar  contents 

in  veining  glasses 

Glass  #1 

Glass  #2 

Ab 

67 

58 

An 

24 

29 

Or 

9 

13 

(mole  %) 
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Figure  1 


Polished  surface  of  the  Bloomington  meteorite  showing  the  brec¬ 
cia  structure  (Scale  indicates  millimeters). 
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A  LIST  OF  THE  SCUTELLEROIDEA  (HEMIPTERA)  COLLECTED 
ON  IMMATURE  BLACK  WALNUT  TREES  IN  SOUTHERN  ILLINOIS 

WITH  SOME  NOTES  ON  BIOLOGY 

P.  L.  Nixon^,  J.  E.  McPherson^,  and  J.  P.  Cuda^ 

Department  of  Zoology 

Southern  Illinois  University  at  Carbondale  62901 

ABSTRACT . --An  annotated  list  of  the  Scutel- 
leroidea  collected  during  1974-1975  on  black 
walnut  (Juglans  nigra  L.)  in  southern  Illi¬ 
nois  is  presented. 

The  superfamily  Scutelleroidea  (stink  bugs  and  their 
allies)  is  world-wide  in  distribution,  and  contains  several 
North  American  species.  The  vast  majority  are  feeders  on 
grassy  and/or  herbaceous  vegetation,  with  very  few  considered 
to  be  strictly  arboreal. 

For  the  past  2  years  (1974-1975) ,  we  have  been  compil¬ 
ing  an  annotated  list  of  the  insects  attacking  immature  „ 
black  walnut  trees  (Juglans  nigra  L.)  in  southern  Illinois  . 
Almost  all  of  these  trees  have  been  planted  by  the  USDA 
Forest  Service,  or  private  individuals  under  the  direction 
of  the  Illinois  State  Department  of  Conservation.  We  have 
collected  ca.  200  insect  species  thus  far,  including  12 
species  of  scutelleroids .  This  paper  presents  information 
on  these  scutelleroids,  several  of  which  are  not  considered 
arboreal  species;  all  were  collected  by  sweeping  or  hand¬ 
picking. 


Family  CORIME LAENIDAE 
Genus  Galgupha  Amyot  6c  Serville 

G.  atra  Amyot  6c  Serville.  This  species  occurs  from 
Quebec  and  New  England  south  to  Florida,  and  west  to  Mani¬ 
toba,  Arizona,  Washington,  Texas  and  Mexico  (Blatchley  1926, 
McAtee  6c  Malloch  1933) .  It  is  often  associated  with  grasses 
(Blatchley  1926)  and  herbaceous  vegetation  (McPherson  6c 
Mohlenbrock  1976) . 


^Graduate  Student, 
o 

Associate  Professor. 

•^This  research  was  conducted  in  cooperation  with  the  USDA 
Forest  Service  (Research  Agreement  No.  13-364). 
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We  collected  1  adult  9  on  27  August  1974  from  a  black 
walnut  growing  in  a  weedy  plantation  in  Jackson  Co.  It  was 
on  a  leaflet  but  was  not  observed  feeding. 

Genus  Corimelaena  White 

C.  agrella  McAtee.  This  species  has  been  collected  in 
Maryland,  District  of  Columbia,  Virginia,  Texas  (McAtee  & 
Malloch  1933) ,  Kentucky  (Hart  1919)  and  Illinois  (McPherson 
1974).  The  only  host  plant  recorded  is  Phlox  pilosa  L. 
(McPherson  1974) . 

An  adult  <j  was  collected  26  April  1974  by  sweeping  black 
walnut  in  Jackson  Co. 

C.  lateralis  lateralis  (Fab.).  This  subspecies  is 
common  throughout  the  eastern,  southern,  and  midwestern 
United  States.  It  occurs  on  tall  grasses  and  weeds  (Blatch- 
ley  1926)  and  is  often  associated  with  wild  carrot  (Daucus 
carota  L.)  (McPherson  1972). 

We  collected  3  adult  <s  on  25  June  1975  by  sweeping  black 
walnut  in  Jackson  Co.  They  had  probably  moved  onto  the 
walnut  from  the  wild  carrot  which  was  growing  beneath  the 
trees . 

C.  pulicaria  (Germar) .  This  species  is  widespread 
throughout  the  United  States  and  Canada.  It  has  been  col¬ 
lected  primarily  from  grasses,  herbaceous  vegetation  and 
agricultural  crops  (McPherson  6c  Mohlenbrock  1976).  It 
is  commonly  found  on  daisy  fleabane  (Erigeron  philadel- 
phicus  L. ) . 

We  collected  37  adults  27  June-1  July  1974,  and  21 
adults  24  April-25  June  1975,  respectively,  on  black  walnut 
leaflets  in  Jackson  Co.  All  but  2  were  found  on  trees  grow¬ 
ing  near  daisy  fleabane  (Erigeron  strigosus  Muhlenberg) , 
upon  which  numerous  additional  adults  were  found.  One  indi¬ 
vidual  was  observed  feeding  on  the  midvein  of  a  leaflet. 

Family  CYDNIDAE 
Subfamily  Sehirinae 
Genus  Sehirus  Amyot  6c  Serville 

S.  cinctus  cinctus  (Palisot  de  Beauvois) .  This  sub¬ 
species  is  found  from  New  England  south  to  Florida,  and  west 
through  Kansas  and  Oklahoma  to  New  Mexico,  Texas  and  Mexico 
(Froeschner  1960) .  It  primarily  attacks  herbaceous  and 
grassy  vegetation  (McPherson  6c  Mohlenbrock  1976). 

An  adult  9  was  collected  on  20  August  1975  from  a  black 
walnut  in  Clinton  Co.  It  was  on  a  leaflet  but  was  not 
observed  feeding. 
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FAMILY  PENTATOMIDAE 


Subfamily  Pentatominae 
Genus  Brochymena  Amyot  6c  Serville 

B.  arborea  (Say) .  This  species  occurs  from  Ontario  and 
New  England  south  to  Florida,  and  west  to  Kansas,  Texas  and 
Mexico  (Blatchley  1926) .  It  is  an  arboreal  species  and  is 
known  to  attack  several  tree  genera,  including  walnut 
(McPherson  6c  Mohlenbrock  1976). 

An  adult  9  was  collected  on  26  April  1975  on  a  branch 
of  black  walnut  in  Jackson  Co. ,  but  was  not  observed  feeding. 

B.  quadripus tula t a  (Fab.).  This  species  ranges  from 
Quebec  and  New  England  south  to  Florida,  and  west  to  Utah, 

Arizona  and  California  (Blatchley  1926) .  It  also  is  an 

arboreal  species  and  attacks  several  tree  genera,  including 
walnut  (McPherson  oc  Mohlenbrock  1976)  . 

We  collected  7  adults  26  April-1  October  1974  (Jackson 
Co.),  and  8  adults  1  May-9  October  1975  (Alexander,  Jackson 
Co.),  respectively,  on  black  walnut.  Feeding  was  observed 
on  the  trunk,  branches,  twigs  and  a  leaflet  rachis . 

Genus  Mormidea  Amyot  6c  Serville 

M.  lugens  (Fab.).  This  common  stink  bug  occurs  from 

Quebec  and  New  England  south  to  Florida,  and  west  to  Wyoming, 

Texas  and  Mexico  (Blatchley  1926) .  It  feeds  primarily  on 
grassy  and  herbaceous  vegetation  (McPherson  6c  Mohlenbrock 
1976) . 

An  adult  9  was  collected  on  11  July  1974  by  sweeping 
black  walnut  in  Jackson  Co. 

Genus  Euschis tus  Dallas 

E.  servus  (Say) .  This  species  is  widespread  in  the 
United  States  and  Canada  and  is  divided  into  2  subspecies, 

E.  s_.  servus  and  E.  £.  euschis toides  (Vollenhoven)  .  South¬ 
ern  Illinois  lies  in  the  zone  of  intergradation  between 
these  subspecies  (Sailer  1954) . 

E.  servus  feeds  on  numerous  host  plants  ranging  from 
grasses  to  trees  (McPherson  6c  Mohlenbrock  1976).  Thus, 
its  occurrence  on  black  walnut  was  not  surprising. 

We  collected  2  adults  17  July-14  August  1974  (Jackson 
Co.)  and  8  adults  22  April-30  September  1975  (Gallatin, 
Jackson  Co.),  respectively,  from  black  walnut.  They  were  on 
buds,  leaflets  and  rachises,  and  several  were  observed  feed¬ 
ing.  We  also  found  6  egg  clusters  (28  May-4  June  1975, 
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Jackson  Co.)-  ca.  12  first  instars  (11  June  1975,  Jackson 
Co.),  and  10  second  instars  (4  August  1975,  Hardin  Co.)  on 
leaflets  but  no  feeding  was  observed.  A  fifth  instar  (14 
August  1974)  was  swept  from  black  walnut  in  Jackson  Co. 

One  of  the  6  egg  clusters  (collected  1  June  1975)  proved 
to  be  parasitized  by  Trissolcus  euschis ti  Ashmead  (Hymenop- 
tera : Scelionidae) ;  adults  emerged  in  the  laboratory  from 
this  cluster  on  14  June  1975. 

E_.  tris tigrnus  tris tigmus  (Say)  .  This  subspecies 
is  found  from  the  East  Coast  west  to  Louisiana,  Oklahoma, 
Texas  and  Mexico  (Blatchley  1926).  It  feeds  on  grasses, 
herbaceous  vegetation  and  trees  (McPherson  6c  Mohlenbrock 
1976) . 

An  adult  $  was  collected  on  10  September  1975  from  a 
leaflet  of  black  walnut  in  Jackson  Co.,  but  was  not  observed 
feeding. 


Genus  Acrosternum  Fieber 

A.  hilare  (Say) .  This  species  occurs  from  Quebec  and 
New  England  south  to  Florida,  and  west  to  the  West  Coast 
(Blatchley  1926).  It  feeds  on  numerous  host  plants,  includ¬ 
ing  several  agricultural  crops  (McPherson  6c  Mohlenbrock 
1976) . 

An  adult  6  and  9  were  collected  on  17  July  1974  and  14 
July  1975,  respectively,  by  sweeping  black  walnut.  An  egg 
cluster  was  found  on  7  June  1975,  and  a  fifth  instar,  5 
September  1975,  both  on  leaflets.  All  specimens  were 
collected  in  Jackson  Co.  No  feeding  was  observed. 

Subfamily  Asopinae 
Genus  Podisus  Herrich-Schaef f er 

P .  maculiventris  (Say) .  This  predaceous  stink  bug  is 
found  in  Canada  and  throughout  the  United  States  (Blatchley 
1926).  It  occurs  on  herbaceous  vegetation  and  trees,  and 
frequently  attacks  insect  larvae  (McPherson  6c  Mohlenbrock 
1976)  . 

A  fourth  instar  was  found  on  5  June  and  another  9  July 
1975  on  leaflets.  A  fifth  instar  was  found  on  25  June  1975 
on  a  leaflet  with  its  beak  inserted  in  an  adult  Anomoea 
f lavokansiensis  Moldenke  (Coleoptera : Chrysomelidae)  at  the 
base  o£  an  antenna.  All  immatures  were  collected  in  Jackson 
Co . 
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CAHOKIA  AND  THE  MISSISSIPPI  EMERGENCE  IN 

THE  SPOON  RIVER  AREA  OF  ILLINOIS* 

Alan  D.  Harn 
Dickson  Mounds  Museum 
Lewistown,  Illinois  61542 


ABSTRACT 

The  relevance  of  Cahokia  to  the  emergence  of  Mississippian  in  the 
Spoon  River  area  of  Illinois  is  assayed.  Examples  of  local  artifact  com¬ 
plexes  and  social  aspects  are  briefly  described  and  comparisons  are  drawn 
in  an  effort  to  isolate  those  regions  which  figured  most  prominently  in 
the  formation  of  the  Spoon  River  variant.  Social,  evolutionary  and  eco¬ 
logical  implications  are  employed  in  attempting  to  define  the  processes 
of  local  Mississippian  development.  It  is  argued  that  the  Spoon  River 
lifeway  was  bimodal,  combining  a  Plains/Prairie-oriented  secular  existence 
with  a  sociopolitical  character  reflective  of  Cahokia.  A  proposal  is  made 
that,  although  minor  migration  may  have  been  involved,  the  Spoon  River 
variant  emerged  from  a  basic  Woodland  population  whose  development 
became  integrated  with  the  Mississippian  movement. 


Excavations  in  the  American  Bottoms  area  over  parts  of  the  last  half  century 
have  established  that  Cahokia  was  a  main  northern  center  participating  in  a  lifeway 
closely  linking  it  to  what  has  come  to  be  known  as  the  Middle  Mississippian  Culture. 
It  has  also  been  well  established  that  Cahokia  and  the  sites  in  the  main  area  of  its 
influence,  although  sharing  such  core  characteristics  as  temple  mounds,  plazas  and 
formal  town  arrangements,  are  distinguishable  from  similar  core  areas  spread 
throughout  the  southeastern  United  States  (cf.  Griffin  1952).  Yet,  within  the 
Central  and  Upper  Mississippi  Valley  archaeological  subareas,  little  progress  in 
delineation  has  been  made  concerning  what  is  Cahok\a-descended  and  what  is 
Cahok\a-inf/uenced.  The  Cahokia  presence  was  probably  felt  over  much  of  the 


^Combination  of  two  revised  papers,  "Cahokia  and  the  Mississippian  Emergence  in  the 
Spoon  River  Area  of  Illinois,"  presented  at  the  52nd  annual  meeting  of  the  Central  States 
Anthropological  Society  in  St.  Louis,  Missouri,  March  29-31,  1973;  and  "Some  Comments 
on  the  Late  Woodland  Occupations  in  the  Spoon  River  Area  of  Illinois,"  presented  at  the 
Workshop  on  Late  Woodland  Societies  and  Complexes  held  in  conjunction  with  the  20th 
Annual  Midwest  Archaeological  Conference  in  Ann  Arbor,  Michigan,  October  10-12,  1975. 
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Midwest  for  the  better  part  of  five  centuries,  beginning  perhaps  as  early  as 
A.D.  900  at  a  time  when  Cahokia  was  not  yet  fully  garbed  in  its  shiny  new 
"Mississippian"  cloak.  Strong  cultural  ties  with  the  hinterlands  do  not  seem  to 
have  developed  at  Cahokia  until  sometime  in  the  Stirling  Phase  (Fowler  and  Hall 
1972);  but  by  A.D.  1100,  the  Cahokia  presence  was  evident  in  one  form  or 
another  in  areas  as  far  north  as  southern  Wisconsin  and  Minnesota,  northwestern 
Iowa,  and  western  Missouri.  How  these  traditions  were  dispersed  has  been  the 
subject  of  much  previous  comment  by  a  number  of  persons.  Some,  such  as 
Joseph  R.  Caldwell  (1967:139)  and  Robert  L.  Hall  (1967),  see  the  spread  of  the 
Cahokia-type  Mississippian  movement  as  involving  varying  combinations  of 
acculturation  and  limited  migration  of  Cahokians  onto  a  predisposed  Late  Wood¬ 
land  host.  Others,  most  notably  James  B.  Griffin  (1946:89;  1960:856,  861)  have 
viewed  this  pattern  as  being  more  closely  linked  to  direct  migrations  from  Cahokia 
up  the  Mississippi,  Missouri  and  Illinois  rivers.  While  there  is  some  disagreement 
about  its  spread,  I  believe  all  would  be  in  agreement  that  the  blanket  term 
"Mississippian,”  used  to  describe  the  majority  of  cultural  complexes  inhabiting 
the  Midwest  after  about  A.D.  1150,  cannot  and  does  not  imply  a  fundamentally 

homogeneous  culture  with  localized  traditions.  In  essence,  our  flourishing  Missis¬ 
sippian  tree  with  its  intricate  complex  of  traditional  branches  may  have  been 
anchored  by  incompletely  shared  Late  Woodland  cultural  roots. 

During  the  past  49  years,  much  information  has  been  accumulated  on  the 
cultural  materials  called  Mississippian  in  the  Spoon  River  area  of  the  Central  Illinois 
River  Valley.  Until  recently  most  of  the  resulting  interpretations  of  the  distribution 
of  these  elements  have  been  based  primarily  upon  pottery  form  and  decoration. 

In  this  respect,  the  ”Cahokia  presence"  is  evident  even  today.  Its  tantalizing 
florescence  invites  a  tendency  to  prejudge  relationships  between  Cahokia  and  the 
Spoon  River  area  by  the  assumption  that  events  transpiring  at  the  latter  must 
somehow  be  regarded  as  reflexes  of  the  former.  General  conclusions  have  favored 
a  co-relationship  between  the  Cahokia  and  Illinois  valley  complexes,  but  the  degree 
of  interaction  has  not  been  adequately  quantified  and  the  resulting  syntheses 
have  been  speculative  and  varied.  The  basis  for  these  explanations  has  been  some¬ 
what  complicated  by  the  lack  of  sufficient  evidence.  Although  much  more 
information  is  needed  to  clarify  the  complex  Late  Woodland  prehistory  of  the 
Spoon  River  vicinity,  enough  data  are  available  to  gain  an  insight  into  the  role 
Cahokia  played  in  the  emergence  of  the  Spoon  River  variant. 

A  major  problem  in  the  analysis  of  local  Late  Woodland  complexes  has  been 
the  lack  of  excavations  in  habitation  areas  and  the  isolation  of  related  features. 

Even  in  the  lone  instance  where  a  large  section  of  a  village  was  exposed  (the  Myer/ 
Dickson  Site),  no  structures  were  located— even  though  well  over  300  Late  Wood¬ 
land  pit  features  were  recorded.  A  second  major  problem  has  been  to  isolate  an 
artifact  inventory  which  could  be  considered  representative  of  the  "pure” 
indigenous  groups  inhabiting  the  area  prior  to  the  "Cahokia  presence."  Available 
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information  suggests  that  at  least  two  contemporaneous  Late  Woodland  complexes 
were  locally  present  prior  to  the  arrival  of  identifiable  Cahokian  influences.  One, 
the  Maples  Mills  Focus  as  defined  by  Cole  and  Deuel  (1937:14-15),  seems  to  have 
been  a  fairly  recent  intrusion,  perhaps  coming  out  of  northern  Illinois  and  arriving 
no  earlier  than  late  in  the  10th  century  A.D.  The  other,  a  hypothetical  Sepo 
manifestation,  had  close  ancestral  ties  with  Weaver,  an  established  local  Late  Wood¬ 
land  complex.  It  is  difficult  to  see  Sepo  as  having  developed  much  earlier  than  the 
Maples  Mills  intrusion,  or  for  that  matter  much  before  the  arrival  of  Mississippian, 
for  no  cemeteries  of  these  people  have  been  located  which  do  not  also  contain 
Mississippian  burials  or  show  evidence  of  Mississippian  influence.  Myer/Dickson 
is  the  only  "pure''  habitation  site  known,  but  there  are  undoubtedly  others.  Sepo 
was  first  recognized  by  Caldwell  (1967:139-142);  although  his  description  of  the 
tradition  was  somewhat  cursory.  A  recently  completed  manuscript  by  the  writer 
enlarges  upon  this  earlier  work  as  well  as  revises  the  proposed  Sepo  ceramic  series 
(Harn  n.d.,  a). 

Sepo  seems  to  have  been  either  more  permanently  entrenched  or  more  popu¬ 
lous  than  Maples  Mills.  Aside  from  some  previous  testing  of  the  Clear  Lake  Site 
(Tv1)  in  Tazewell  County  by  the  University  of  Chicago  and  the  Illinois  State 
Museum  (Cole  and  Deuel  1937:181-191  and  Fowler  1952),  excavations  in  the 
Spoon  River  area  have  failed  to  produce  evidence  of  a  Maples  Mills  habitation  area. 
Some  minor  sites  are  known  to  exist,  however  (Munson  and  Harn  1966).  On  the 
other  hand,  evidence  of  Sepo  habitation  has  been  noted  at  all  excavated  sites 
where  an  Eveland  Phase  component  (which  is  the  Spoon  River  equivalent  of  the 
Stirling  Phase  at  Cahokia)  is  present. 

Pottery  representative  of  both  Sepo  and  Maples  Mills  groups  was  present 
in  the  recent  excavation  of  Dickson  Mounds  where  the  contemporaneity  of  both 
wares  with  those  of  the  classic  Mississippian  types  Powell  Plain  and  Ramey  Incised 
was  established  (Harn  n.d.,a).  Only  six  Maples  Mills  or  Maples  Mills-like  jars  were 
recovered,  although  at  least  four  other  fragmentary  jars  were  found  (Figure  1,j). 
These  jars  have  many  of  the  salient  characteristics  of  a  pottery  type  which  has 
been  called  "Maples  Mills,"  "Tampico,"  and  "Gooden"  after  Cole  and  Deuel's 
original  description  (1937:14-15)  and  more  recently  redefined  as  Canton  Ware 
by  Fowler  (1955:219).  Both  cord-decorated  and  undecorated  versions  of  this 
type  are  present  in  the  Dickson  sample,  the  cord-decorated  jars  represented  by 
only  triangular  motifs.  Orifice  shapes  vary  from  fairly  round  to  slightly  square 
and  four  lugs  are  usually  attached  to  the  exterior  rim  surface.  Cordmarked, 
smoothed-over  cordmarked,  and  fabric-marked  surface  finishes  are  present.  The 
same  general  vessel  shapes  are  represented  but  the  rims  tend  to  be  higher  and 
less  expanded  than  with  Sepo  ceramics.  While  some  light-colored  grit  is  evident, 
the  temper  varies  more  toward  a  dark  gray  to  black  crystalline  rock. 
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The  pre-Mississippian  Sepo  Tradition  pottery  is,  for  the  most  part,  very 
uniform  (Figure  1,  a-c).  The  ware  is  comprised  almost  entirely  of  smoothed-over 
cordmarked  jars  with  semiconoidal  to  slightly  rounded  bases,  fairly  pronounced 
shoulders,  and  medium-high,  slightly  expanding  rims.  These  vessels  are  tempered 
with  finely  crushed  light-colored  granite,  often  supplemented  with  sand  which 
sometimes  contains  oversize,  smooth  quartzitic  pebbles.  Particles  of  hematite 
are  occasionally  included.  With  post-Mississippian  contact  Sepo  vessels,  small 
quantities  of  crushed  mussel  shell  are  occasionally  added  and  sometimes  the 
tempering  is  entirely  of  shell.  Although  the  rims  are  frequently  plain,  notching 
or  stamped  decoration  of  the  forward  lip  border  is  present  in  about  41  percent 
of  the  sample.  This  occurs  in  both  vertical  and  diagonal  forms.  Plain  dowel 
stamping  is  probably  most  common,  but  cord-wrapped  dowel,  individual  diagonal 
cord  impressions  and  punctates  made  with  the  corner  of  a  cord-wrapped  paddle 
are  sometimes  employed.  Interior  stamping  on  the  lip  edge  is  present  in  a  small 
percentage  of  the  samples  from  habitation  areas  but  has  not  occurred  in  mortuary 
contexts.  The  size  of  the  individual  stamped  forms  is  small,  rarely  exceeding  7  mm. 
Handles  are  never  present.  Sepo  Smoothed-over  Cordmarked  probably  represents 
the  final  local  form  of  Weaver  ware. 

Caldwell  (1967:139-142)  has  also  proposed  the  types  Sepo  Cordmarked  and 
Sepo  Plain  to  be  included  in  the  Sepo  ceramic  series.  He  viewed  these  types  as 
approximating  Sepo  Smoothed-over  Cordmarked  in  vessel  form  and  decoration, 
differing  only  in  surface  treatment.  However,  these  proposed  types  were  largely 
based  on  individual  sherds,  the  only  source  of  information  available  at  that  time. 
Subsequent  excavations  in  the  Dickson  Mounds  and  associated  Myer/Dickson 
village  produced  a  very  large  sample  pertaining  to  the  Sepo  series  which  tends  to 
negate  Caldwell's  proposals.  While  heavy  and  relatively  unsmoothed  cordmarking 
is  associated  with  many  Sepo  vessels,  it  is  usually  restricted  to  the  area  from  the 
shoulder  to  the  rim  and  occasionally  to  the  lower  body,  with  the  remainder  of  the 
exterior  surface  being  smoothed-over  cordmarked.  Vessel  exteriors  of  some  other 
Sepo  jars  have  been  so  completely  smoothed  that  only  occasional  traces  of  cord- 
roughening  are  faintly  discernible,  giving  the  initial  impression  of  plain  ware. 
However,  I  would  consider  both  of  the  above  surface  treatments  to  be  extremes 
within  the  range  of  smoothed-over  cordmarking.  I  believe  that  the  term  Sepo 
Cordmarked  should  be  abandoned  and  the  term  Sepo  Plain  be  reapplied  to  a  jar 
type  described  below. 

Six  Late  Woodland  vessels  from  Dickson  comprise  what  is  probably  a  separate 
category  from  either  Sepo  or  Canton  Ware  but  exhibits  characteristics  of  both 
(Figure  1,  d-f).  The  vessel  shapes  are  essentially  similar  to  Sepo  Smoothed-over 
Cordmarked  jars  and  paste  characteristics  are  identical,  but  the  rims  are  either 
somewhat  castellated,  have  four  lugs,  or  have  a  cord-impressed  triangle  design. 
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Two  other  vessels  are  probably  local  versions  of  foreign  ware  (Figure  1,  k-l). 
One  is  a  typical  Sepo  jar  with  a  clay  fillet  decorated  with  three  horizontal  bands 
of  cordmarking  applied  to  the  neck.  The  shape  of  the  other  is  unknown  elsewhere 
in  the  area,  as  is  the  diagonally  applied  cordmarking,  the  smooth  neck  and  the 
collared  rim.  These  are  but  two  of  a  number  of  Plains-like  influences  which  were 
inherent  to  the  indigenous  population  before  Mississippian  influence  was  strongly 
felt.  Other  early  influences  included  Chamberlain  Incised  ware  found  at  the  Eve- 
land  Site  by  Joseph  R.  Caldwell  (Illinois  State  Museum  collections)  and  a  single 
sherd  possibly  of  that  ware  from  Dickson  Mounds  (Ham  1971:75). 

Due  to  the  lack  of  extensive  excavations  at  Maples  Mills  habitation  sites,  few 
comparisons  of  nonceramic  Late  Woodland  artifacts  can  be  drawn.  In  fact  only 
two  nonpottery,  Sepo  Tradition  artifacts  having  an  ancestry  probably  predating 
major  Mississippian  influence  have  been  isolated  for  the  Spoon  River  area.  These 
are  a  slightly  convex-sided,  square-based  knife  and  a  small  corner-notched  flake 
arrowpoint  (Figure  2,  i-k).  Shell  spoons  with  modification  limited  to  a  simple 
squaring  of  the  anterior  margin  may  also  be  diagnostic  early  artifacts,  but  none 
have  yet  been  found  in  good  domestic  context.  Similar  arrowpoints  are  seen  in 
Maples  Mills  contexts  but  the  only  known  Maples  Mills  spoons  have  handles 
which  are  more  Mississippian-like,  although  retaining  a  certain  distinctiveness 
(Cole  and  Deuel  1937;  Figure  37).  Other  diagnostic  items  such  as  end  scrapers 
were  in  use  before  the  Mississippian  arrival,  but  there  are  presently  no  criteria 
for  segregating  these  tool  types  from  later  varieties.  Since  Cahokia  apparently 
had  no  historical  background  for  the  widespread  use  of  end  scrapers,  we  assume 
that  their  presence  is  more  closely  linked  with  the  Plains. 

Little  of  the  preceding  has  much  to  do  with  our  subject  topic.  I  mention 
it  only  to  provide  a  basis  for  evaluating  the  complex  local  history  of  Late  Wood¬ 
land  before  it  was  further  complicated  by  the  Cahokia  presence. 

The  most  easily  recognizable  of  the  Cahokia  influences  into  the  Spoon  River 
area  were  shell-tempered  ceramic  types,  Ramey  Incised  and  Powell  Plain  (Figure  2, 
f-g).  These  would  be  considered  Stirling  Phase  by  Cahokia  standards,  arriving  in  a 
thin-walled,  angular-shouldered  and  rolled-rim  jar  form.  As  we  will  discuss  shortly, 
this  jar  form  was  to  be  the  progenitor  of  a  variety  of  later  ceramic  styles. 

New  innovations  in  local  Woodland  ceramic  technology  seem  to  coincide 
with  the  arrival  of  the  first  Mississippian  influences  and  are  probably  directly 
related.  While  the  Sepo  Smoothed-over  Cordmarked  jar  was  still  the  most  popular 
ceramic  form,  some  Sepo  potters  apparently  began  production  of  a  new  vessel 
form  which  was  unquestionably  influenced  by  Powell  Plain  (Figure  1,  g-i).  The 
paste  of  these  vessels,  which  we  propose  to  call  Sepo  Plain,  is  essentially  the  same 
as  that  of  Sepo  Smoothed-over  Cordmarked.  The  form  is  reminiscent  of  Powell 
Plain  and  the  exterior  surfaces  are  usually  heavily  smoothed  so  that  traces  of  the 
cord-wrapped  paddle  are  only  faintly  discernible.  Some  Sepo  Plain  vessels  retain 
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the  characteristic  smoothed-over  cordmarked  surface  finish.  Handles  appear  for  the 
first  time  on  Late  Woodland  ceramics  and  are  present  in  minor  percentages.  Rim 
styles  include  direct,  externally  thickened,  and  moderately  rolled  (and  often 
externally  flattened)  varieties,  plus  some  expanding  rims  which  are  similar  to  those 
associated  with  Sepo  Smoothed-over  Cordmarked.  Shoulder  angles  are  almost 
never  as  sharp  as  those  which  characterize  Powell  Plain;  the  vessel  base  is  usually 
deeper  and  more  conoidal  and  the  surfaces  are  never  slipped  or  polished.  Yet  there 
is  a  strong  undercurrent  of  Powell  Plain  Tradition  expressed  in  the  vessels  of  this 
category. 

While  the  occurrence  of  this  ceramic  type  is  perhaps  most  common  in  the 
Dickson  Mounds  area  from  the  Spoon  River  north  to  Rice  Lake,  John  Claflin 
(personal  communication)  recently  found  a  classic  Sepo  Plain  rim  at  the  Shire 
Site,  an  isolated  habitation  site  on  the  Grand  Prairie  50  miles  southeast  of 
Dickson  Mounds.  What  appears  to  have  been  a  Sepo  Plain  jar  was  recovered  with 
a  flexed  burial  under  Rose  Mound  13  some  12  miles  down  the  Illinois  River 
(Baker  et  al.  1941 :23-28  and  Plate  31,  4)  and  Sepo  Plain  rims  occur  in  the  Illinois 
State  Museum  collections  of  the  Hildemeyer  Site  located  40  miles  up  the  Illinois. 
Contemporaneity  between  the  Sepo-Eveland  Phase  occupation  of  the  Eveland 
Site  and  the  Sepo  occupation  of  the  nearby  Myer/Dickson  Site  has  long  been 
speculated.  Joseph  R.  Caldwell  (1967:139),  the  earliest  spokesman  on  record, 
has  stated  that: 

"...the  discovery  of  the  little  village  [Myer/Dickson]  on  the  bluff  tells 
us  that  there  was  a  Late  Woodland  population  in  the  area  of  the  present 
[Dickson  Mounds]  park  with  a  pottery-making  tradition  that  continued 
throughout  the  occupation  of  the  newer  village  [Eveland]  down  below." 

The  question  which  we  have  still  failed  to  answer  since  Caldwell's  original 
work  at  Eveland  is  whether  the  stimulus  which  resulted  in  the  hybridized  pottery 
just  described  was  filtered  into  the  region  from  the  direction  of  Cahokia  or 
whether  it  came  as  a  more  direct  mandate,  possibly  from  as  near  as  the  other  side 
of  the  bed.  It  is  just  as  conceivable  that  the  Mississippian  occupation  of  Eveland 
represented  an  intrusive  exogamous  population  as  it  is  to  view  the  situation  solely 
in  terms  of  acculturation.  This  will  be  discussed  later. 

Along  with  the  hybridization  of  pottery,  changes  had  taken  place  in  other 
classes  of  Late  Woodland  artifacts.  Almost  every  aspect  of  their  various  industries 
shifted  toward  Mississippianization.  Arrowpoints  became  at  first  triangular  in 
form  (although  initially  were  easily  recognizable  because  of  their  larger  and  bulkier 
appearance)  and  then  multinotched  in  a  manner  indistinguishable  from  early  Missis¬ 
sippian  types.  Ramey  knives  of  Mill  Creek  chert  made  their  appearance  with  Sepo 
burials  as  did  discoidals,  copper-covered  stone  and  copper-covered  wood  ear  spools, 
shell  spoons  with  stub  handles,  the  use  of  limonite  in  mortuary  activities,  and 
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beaker  froms  which  were  occasionally  smoother-over  cordmarked.  Late  Woodland 
ceramic  forms  notably  absent  were  plates,  bottles,  and  bowls. 

Another  jar  form,  which  I  believe  grew  out  of  the  Mississippian-influenced 
Sepo  pottery  tradition,  evolved  at  this  time.  It  is  basically  an  angular-shouldered 
Sepo  Plain  jar  with  a  medium-high,  slightly  expanding  rim  and  a  rounded  basal 
contour  (Figure  2,  e).  These  jars  are  often  shell-tempered,  and  slightly  keeled 
loop  handles  are  frequently  present.  Plain  loop  handles  and  jars  without  handles 
are  sometimes  seen.  Although  never  present  in  large  percentages,  the  popularity 
of  this  jar  continued  long  after  the  other  Sepo  and  early  Mississippian  wares  were 
no  longer  being  produced  (cf.  Harn  1971: Figure  19,  D23). 

Late  Woodland  ceremonialism  was  also  undergoing  change,  although  we  are 
just  beginning  to  understand  some  of  the  implications.  Sepo  series  jars,  usually 
associated  with  flexed  or  semiflexed  human  burials,  began  to  make  their  appear¬ 
ances  with  some  extended  bodies.  Expressions  of  wealth  and  social  stature,  repre¬ 
sented  by  profuse  funerary  offerings  of  copper  ear  spools,  beads,  pendants  and 
other  ornaments  of  marine  shell,  tools,  weapons,  and  possibly  human  sacrifice, 
became  increasingly  common  but  varied  considerably  in  quantity  among  the  graves. 
These  fossil  indicators  of  a  nonegalitarian  society  are  the  strongest  such  expressions 
yet  associated  with  any  local  Late  Woodland  manifestation.  I  believe  that  this 
situation  was  also  largely  influenced  by  contacts  with  Cahokia,  where  a  similar 
society  had  been  functioning  for  the  greater  part  of  two  centuries. 

As  we  have  stated  earlier,  Powell  Plain  and  Ramey  Incised  pottery  arrived 
in  the  Spoon  River  area  sometime  during  the  eleventh  century  A.D.  The  earliest 
of  these  vessels  would  be  considered  "classic"  by  Cahokia  standards,  appearing 
in  a  somewhat  flattened  jar  form  which  was  round-based,  sharply  angular-shouldered, 
and  usually  rolled-rimmed.  Loop  handles  were  infrequently  present.  The  exterior 
surfaces  of  most  were  coated  with  a  hematite-based  paint  which  was  blackened 
presumably  by  firing  under  oxidizing  conditions.  Considerable  attention  was 
paid  to  the  application  of  this  black-polished  surface  finish  and  to  the  careful 
execution  of  the  incised  designs,  in  the  case  of  Ramey  Incised.  I  might  hasten  to 
add  that  this  meticulousness  was  short-lived,  for  stratigraphically  later  Powell 
Plain  and  Ramey  Incised  jars  from  both  Eveland  and  Dickson  Mounds  were  con¬ 
siderably  less  aesthetic. 

Common  forms  of  decoration  on  Ramey  Incised  jars  include  single  or  nested 
arcs  or  chevrons,  nested  straight  lines  semicurled  on  one  end,  "feathered"  simple 
scrolls,  diamonds,  circles  with  punctates  and,  rarely,  forked  eyes.  These  elements 
are  arranged  around  the  vessel  shoulder  and  are  often  connected  by  single  horizontal 
trails  or  occasionally  separated  by  single  diagonal  trails.  Elaborate  scroll  motifs 
are  seldom  seen,  the  decorative  elements  showing  a  trend  toward  rectilinear  patterns 
characteristic  of  well-developed  Ramey. 
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TABLE  1.  Selected  Diagnostic  Artifacts  and  Traits  and  Estimated  Time  Ranges 
for  Late  Woodland  Manifestations  in  the  Spoon  River  Area  of  Illinois. 


Maples  Mills  Complex 
Pottery 

Canton  Ware  jars 
Sepo-Canton  Ware  jars 

Non-Ceramic  Artifacts 

Corner-notched  flake  arrowpoints 
Triangular  arrowpoints 

Burial  Position 

Flexed 

Extended 

Sepo  Tradition 
Pottery 

Sepo  Smoothed-over  Cordmarked 
jars 

Sepo  Plain  jars 
Sepo-Canton  Ware  jars 
Beakers 

Non-Ceramic  Artifacts 

Corner-notched  flake  arrowpoints 

Triangular  arrowpoints 

End  scrapers 

Discoidals 

Ramey  knives 

Ornaments 

copper  (or  copper-covered) 
marine  shell 
Limonite 

Shell  spoon,  squared  end 
Shell  spoon,  stub  handle 
Profuse  funerary  offerings 

Burial  Position 

Flexed 

Extended 


Years  A.D. 

1000  1100  1 200 


? 
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Probable  point  of  Late  Woodland  -  Early  Mississippian  amalgamation. 


TABLE  2.  Selected  Diagnostic  Artifacts  and  Traits  and  Estimated  Time  Ranges 
for  Mississippi  Manifestations  in  the  Spoon  River  Area  of  Illinois. 


Phase  Designation  and  Years  A.D. 


Pottery 

Powell  Plain  jars 
Ramey  Incised  jars 
Bowls 
plain 
effigy 

Beakers  and  Bean  Pots 
Tippits 
Spoon  River 
Plates 
plain 

Wells  Incised 
Bottles 
hooded 
wide-mouthed 
long-necked 
Lobed  jars 
Plain  globular  jars 
Cahokia  Cordmarked  jars 
Dickson  Series  jars 
trailed 
cordmarked 
plain 


Eveland 

Orendorf 

Larson 

Crable 

1000 

1100 

1200 

1300 

1400 

1500 

? 


Rim  Treatment  (jars) 
rolled  or  extruded 
flared  or  everted 


Non-Ceramic  Artifacts 

Potter's  trowels/anvils  _ 

Sandstone  slot  abraders  _ 

End  scrapers  _ 

Discoidals  _ 

Ramey  knives  _ 

Triangular  arrowpoints  _ 

Rectangloid  celts  _ 

Pipes 

block  effigy  _ 

elbow  7 

Shell  ankle  rattles  7 _ 1 

Bead  ensembles  _ 

Bone  hairpins  _ 

Bone  bracelets 
Antler  rings 


? 


(A 

u 

c 

E 

<D 

■M 

_a> 

cu 

-Q 

O 
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In  contrast  to  the  situation  at  Cahokia,  when  Ramey  Incised  in  the  Spoon 
River  area  disappears  as  a  type,  its  symbolism  continues  for  some  time.  The  major 
changes  are  in  the  vessel  shape,  which  usually  becomes  progressively  more  weak¬ 
shouldered  and  in  the  surface  finish  which  is  no  longer  black-polished.  The  only 
important  design  elements  which  survive  are  the  nested  arc  and  chevron.  The 
latter  soon  appears  in  a  second  version,  the  trailed  meander,  and  all  three  seem 
to  have  been  gradually  replaced  in  popularity  by  the  line-fi lled-triangle  motif. 
Decorations  on  this  pottery  type,  which  we  have  defined  as  Dickson  Trailed 
(Ham  1971:20),  are  interestingly  similar  to  decorations  on  vessels  from  Orr  and 
Silvernale  foci  sites  of  the  Northern  Mississippi  Valley  and  may  reflect  interaction 
with  that  region.  The  disappearance  of  Dickson  Trailed  by  the  early  14th  century 
marked  the  end  of  Ramey-derived  design  elements  in  the  Spoon  River  area.  Later 
jars  are  predominantly  globular  without  noticeable  shoulders  and  are  either  plain 
or  cordmarked.  Incised  or  trailed  designs  on  jars  did  not  reappear  until  Oneota- 
derived  motifs  were  introduced  sometime  during  the  late  14th  century. 

In  contrast  to  this,  the  water  symbolism  proposed  by  Hall  (1973)  was 
introduced  with  Powell  Plain  and  Ramey  Incised  and  survived  well  into  the  period 
of  Spoon  River  and  Oneota  interaction.  Its  predominant  form,  the  duck  head, 
was  usually  not  as  highly  stylized  as  similar  forms  from  the  Cahokia  region.  Panther 
symbolism  somewhat  akin  to  the  water  spirit  of  the  Mississippi  Valley  tribes  may 
have  been  present  in  the  Spoon  River  area.  Ours  was  perhaps  more  terrestrial 
than  aquatic,  however,  but  the  meaning  may  have  been  the  same.  Puma-canine 
ear  pendants  have  been  associated  with  two  burials  in  Dickson  Mounds  A  and  H 
(Harn  n.d.,  a  and  Conrad  1972);  copper-covered  wood  imitations  of  puma  teeth 
were  reported  from  Dickson  Mound  G  (Conrad  1972)  and  from  the  Betts  Mound 
F°228  (Wray  n.d.);  and  imitation  puma-canine  ear  pendants  of  marine  shell  were 
found  by  Cole  and  Deuel  (1937:83)  at  Morton  F°14  (although  those  authors' 
familiarity  with  the  bear  canine  necklaces  of  the  local  Middle  Woodland  mortuary 
contexts  prompted  a  like  identification  for  the  Morton  specimens).  Other  recog¬ 
nizable  water  symbols  have  not  been  reported  from  the  Spoon  River  area. 

It  is  interesting  to  note  that,  if  the  panther  symbolism  did  arrive  with  the 
early  Mississippian  influence,  it  was  quickly  adopted  by  at  least  some  of  the 
indigenous  group  —  for  the  Mound  A  occurrence  at  Dickson  was  with  a  typical, 
semiflexed  Late  Woodland  burial  which  had  a  Sepo  Smoothed-over  Cordmarked 
jar  in  association.  Why  Ramey  symbolism  was  not  as  quickly  accepted  is  not 
known;  for,  aside  from  a  few  sherds  with  roughly  incised  lines,  no  trailed  designs 
are  present  on  jars  of  the  Sepo  ceramic  series.  This  is  interesting  in  light  of  the 
rapidity  in  which  the  early  Mississippian  jar  form  was  adopted  by  these  people. 
However,  there  is  no  direct  local  antecedent  for  the  Sepo  series  vessels,  at  least 
nothing  that  would  be  easily  classifiable  as  Late  Woodland.  One  apparent  reason 
is  that  almost  every  aspect  of  the  introduced  Mississippian  culture,  including 
ceramic  technology,  was  rapidly  assimilated  by  the  indigenous  population.  Their 
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cultural  identity  must  have  been  rapidly  transformed,  leaving  few  good  clues  in 
passing.  Since  no  other  recognizable  items  of  material  culture  seem  to  have  been 
retained  beyond  the  mid-12th  century  by  the  local  Woodland  population,  the 
switch  in  the  complexion  of  their  ceramic  industry  toward  something  that  would 
be  considered  Mississippi  marked  the  demise  of  the  Sepo  tradition. 

It  seems  probable  that  the  trailed  jars  of  the  following  Mississippian  Larson 
Phase  period,  which  are  shell-tempered  and  "Mississippian-shaped"  but  which  are 
often  cordmarked  from  shoulder  to  base  in  a  more  traditional  Woodland  manner, 
represent  a  hybridization  of  both  early  Mississippian  and  Late  Woodland  ceramics. 
Thus  Ramey  symbolism  may  not  have  been  perpetuated  in  recognizable  Wood¬ 
land  ceramics  form,  but  its  transition  from  Ramey  Incised  through  Dickson 
Trailed  may  have  been  consummated  by  a  host  of  Late  Woodland  people. 

The  apparent  lack  of  participation  by  Maples  Mills  in  the  local  Mississippian 
movement  is  noteworthy.  Unfortunately,  ceramics  is  the  only  medium  by  which 
comparisons  can  now  be  drawn;  but  if  pottery  in  any  way  reflects  the  attitude 
of  its  makers.  Maples  Mills  was  at  least  outwardly  unaffected  by  its  association 
with  Mississippian.  This  apparent  isolation  may  be  interpreted  in  a  number  of 
ways. 


If  Maples  Mills  did  coexist  with  the  Sepo  and  Mississippian  populations 
much  after  A.D.  1150  (which  I  believe  is  unlikely),  their  ties  with  the  region 
must  have  been  very  tenuous.  Possibly  the  local  Maples  Mills  lifestyle  was  not 
developing  along  the  same  avenues  as  that  of  the  Sepo  group,  and  acceptance 
of  agriculture  and  sedentary  village  life  was  neither  particularly  attractive  nor 
an  economically  sound  venture  at  that  time.  This  may  have  led  to  the  group's 
abandoning  the  area  before  acculturation  mechanisms  with  Mississippian  had 
become  firmly  established.  Another  possibility  is  that  Maples  Mills  people  were 
only  seasonal  migrants  into  the  region.  Their  association  with  Sepo  and  Eveland 
Phase  Mississippian  groups  could  thus  have  resulted  from  trade  instead  of  through 
some  more  complex  social  relationship,  although  the  Sepo/Maples  Mills  pottery 
hybridization  might  argue  against  this  position.  Another  alternative  is  that  Missis¬ 
sippian  arrived  at  a  time  when  the  last  of  the  Maples  Mills  group  was  being 
absorbed  into  the  Sepo  lifeway.  If  this  is  the  case,  their  traditions  may  have  been 
sufficiently  diluted  to  the  point  of  being  unrecognizable.  For  whatever  reasons, 
it  is  apparent  that  not  everyone  inhabiting  the  Spoon  River  area  during  the  late  11th 
century  was  marching  to  the  same  drummer. 

It  is  perhaps  unfortunate  for  ease  of  interpretation  that  Cahokia  exerted  so 
strong  an  influence  in  the  Central  Illinois  River  Valley  at  this  particular  time,  for 
it  injected  an  additional  factor  to  further  complicate  local  cultural  development. 

Just  as  we  are  only  beginning  to  understand  the  relationship  existing  between  the 
local  Woodland  groups,  and  of  these  to  Mississippian,  we  are  equally  uncertain  of 
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the  degree  of  interaction  between  all  three  groups  and  coeval  groups  of  the  western 
Prairie  and  eastern  Plains.  Not  enough  is  known  on  a  regional  level  about  the  period 
immediately  following  the  disappearance  of  Sepo,  Canton  Ware,  and  Ramey  Incised 
as  types  to  determine  either  the  nature  of  these  relationships  or  the  degree  of  their 
intensity. 

The  post- Ramey  ceramic  assemblage  of  the  Spoon  River  Tradition  is  very 
similar  to  and  suggests  close  affiliations  with  Cahokia.  Included  in  this  are  plain 
and  cordmarked  globular  jars  with  everted  rims,  lobed  jars,  plain  and  Wells  Incised 
plates,  long-  and  short-necked  water  bottles,  plain  bowls,  effigy  bowls  and  beakers. 
However,  it  is  not  definite  that  all  of  this  is  Cahokia-influenced.  In  addition  to 
the  Dickson  Trailed  designs,  lineate-chevron  incised  designs  similar  to  those  associ¬ 
ated  with  some  Cambria  ceramics  from  southern  Minnesota  are  locally  present  (cf. 
Harn  1971;  Figure  22,  D94),  as  is  the  influence  of  the  Over  Focus  of  northwestern 
Iowa,  represented  by  Foreman  Incised-like  jars  (Figure  2,  h).  Other  items  of 
material  culture  have  been  recovered  which  are  held  in  common  by  both  the 
Spoon  River  variant  and  their  neighbors  of  the  western  Prairie-eastern  Plains  region. 
Among  these  are  bison  rib  bracelets  and  their  decorations,  some  bison  scapula  hoes, 
bird-wing  fans,  tridactyle  handles  on  jars,  the  use  of  catlinite,  and  the  manufacture 
and  use  of  large  numbers  of  end  scrapers  (Conrad  and  Harn  n.d.).  Interaction  be¬ 
tween  these  two  regions  was  probably  begun  prior  to  the  arrival  of  any  direct 
Cahokia  influences. 

Additional  stimulation  probably  originating  in  the  Caddoan  area  was  also 
being  received  at  this  time.  Its  most  recognizable  form  was  in  the  elements  of 
the  Southeastern  Ceremonial  Complex,  of  which  copper-covered  stone  and  wood 
ear  spools  or  plugs,  long,  thin  blades  of  Mill  Creek  chert,  spatulates  and  at  least 
one  mace  of  Kaolin  chert,  marine  shell  gorgets  with  cross  and  circle  motifs,  a 
Short-Nosed  God  effigy  rattle,  probably  falcon  plaques  of  copper,  and  bead 
ensembles  which  included  beaded  forelocks  and  garters  are  present  (Conrad 
and  Harn  n.d.).  Many  Complex  items  apparently  moved  into  the  Spoon  River 
area  with  the  baggage  of  the  first  Mississippians. 

It  is  not  known  how  these  elements  were  diffused  or  what  role  Cahokia 
played  in  their  dispersal.  That  the  post-A.D.  1200  Spoon  River  variant  had 
connections  with  both  Cahokia  and  the  Plains  is  evident,  as  is  the  fact  that 
stimulation  from  the  Caddoan  area  was  also  being  received.  The  latter  is  perhaps 
the  more  complex  situation.  Interestingly  enough,  more  Southeastern  Ceremonial 
Complex  elements  have  probably  been  found  in  the  Spoon  River  area  than  in 
the  American  Bottoms  region,  making  it  outwardly  difficult  to  accept  these 
southern  Mississippi  influences  as  being  re-radiated  from  Cahokia.  Possibly 
Hall's  (1966:7)  "end  run  factor"  acculturation  process,  which  bypassed  Cahokia 
along  other  lines  of  communication,  was  responsible.  However,  a  major  factor 
involved  in  the  paucity  of  "Cult"  items  at  Cahokia  may  lie  in  the  projected  error 


425 


of  sampling  the  cemeteries  of  a  site  of  that  magnitude.  A  far  higher  percentage  of 
the  total  burial  population  has  been  excavated  in  the  Spoon  River  area  than  has 
been  in  the  American  Bottoms,  thereby  increasing  the  probability  of  recovering 
more  Complex  items  locally  (Harn  1975:7). 

In  addition  to  the  classic  shell-tempered  Mississippian  pottery  types,  wall 
trench  houses,  and  notched  triangular  arrowpoints,  a  new  concept  of  settlement  nucle- 
ation  appeared  with  the  Cahokia  influence.  Construction  of  a  series  of  large  temple 
towns  was  begun  at  regular  intervals  along  a  100-mile  section  of  the  Illinois 
River  between  the  present-day  towns  of  Meredosia  and  Peoria,  Illinois.  Town 
sites  are  usually  characterized  by  a  truncated  pyramidal  mound (s)  and  plaza 
situation  surrounded  by  a  concentrated  10-  to  15-acre  village  area.  Most  were 
probably  fortified.  These  towns  apparently  served  as  nuclear  centers  for  related 
hamlets,  farmsteads,  and  hunting  and  gathering  camps  clustered  within  walking 
distance— the  town  and  related  cluster  of  sites  functioning  as  a  somewhat  self- 
contained  community  (Harn  n.d.,  b).  The  physical  composition  of  the  major 
sites  (cf.  Harn  and  Weedman  1975)  and  the  general  settlement  pattern  seem  to 
have  been  based  on  a  preconceived  plan  which  is  identical  to  that  in  evidence  in 
the  Cahokia  region  (cf.  Porter  1974). 

No  town  had  an  important  early  Mississippian  component.  Most  were  appar¬ 
ently  constructed  during  the  250-year  period  between  A.D.  1150  and  A.D.  1400, 
according  to  C^  assays  for  Orendorf,  the  earliest  of  the  town  sites,  and  Crable, 
the  latest  (Bender,  Bryson,  and  Baerreis  1975:123-125).  Early  Mississippian  habita¬ 
tion  sites  with  associated  Powell  Plain  and  Ramey  Incised  ceramics  are  widely  dis¬ 
persed  in  the  central  Illinois  valley.  Fewer  than  twenty  such  sites  are  known, 
most  of  which  are  quite  small  and  subsidiary  in  nature.  Even  given  this  small 
number,  it  is  improbable  that  a  majority  were  ever  occupied  simultaneously.  If 
a  population  intrusion  from  the  direction  of  Cahokia  is  actually  indicated,  the 
paucity  and  small  size  of  the  sites  suggest  the  presence  of  only  a  small  number  of 
people.  Thus  the  rapid  displacement  of  Woodland  culture  by  Mississippian  culture 
probably  could  not  have  resulted  from  submersion  of  the  indigenous  population 
by  a  superior  number  of  Cahokians.  Hall's  (1967:180-181)  earlier  proposal  is 
perhaps  a  more  reasonable  explanation,  for  local  indications  are  that  at  least  some 
of  the  Late  Woodland  occupants  of  the  region  were  already  beginning  to  develop 
toward  a  Mississippian  lifeway  through  external  contacts  with  both  Cahokia  and 
the  Woodland  people  in  the  western  Prairie-eastern  Plains  region.  The  phenomenon 
we  may  view  as  a  dynamic  cultural  transformation  may  have  been  no  more  com¬ 
plicated  than  Late  Woodland  adoption  of  a  more  advanced  version  of  a  lifestyle 
in  which  they  had  already  begun  to  participate. 

It  is  entirely  possible  that  some  Cahokians  were  present  in  the  Central 
Illinois  Valley  during  the  period  of  major  transformation.  Among  other  things, 
the  physical  composition  of  the  paste  of  the  earliest  Mississippian  pottery  and 
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the  particular  variation  in  Ramey  decorative  technique  argue  against  trade  for  its 
source,  while  the  craftsmanship  and  design  complexity  of  these  ceramics  suggest 
that  they  were  being  produced  by  potters  who  had  considerable  background  in 
their  manufacture.  I  would  contrast  this  with  the  previously  described  Sepo 
tradition  versions  of  Powell  Plain  jars  (Sepo  Plain)  and  also  reiterate  that  strati- 
graphically  later  examples  of  Powell  Plain  and  Ramey  Incised  jars  often  have 
poorly  executed  vessel  shapes  and  surface  finishes,  carelessly  drawn  Ramey 
motifs,  and  everted  rims.  While  the  existence  of  classic  Powell  Plain  and  Ramey 
Incised  pottery  appears  to  have  been  relatively  short,  it  was  the  most  purely 
expressed  of  the  tangible  Cahokia  influences  which  reached  the  Spoon  River  area. 

I  think  this  was  directly  attributable  to  its  “first  handedness.”  Although  the  later 
pottery  types  represented  by  the  Spoon  River  tradition  have  a  chronology  some¬ 
what  paralleling  that  of  Cahokia,  they  argue  for  a  more  independent  evolution. 
There  is  nothing  in  the  Spoon  River  area  which  would  suggest  more  than  a  short 
period  of  Cahokia  immigration,  suggesting  that  the  Spoon  River  variant  was  largely 
composed  of  a  Woodland  population  whose  development  became  integrated  with 
the  Cahokia-Mississippian  movement. 

Certain  aspects  of  social  organization  are  surprisingly  similar  when  a  compar¬ 
ison  of  ceremonialism  for  elite  classes  is  made  between  early  Cahokia  and  the 
initial  period  of  Cahokia  influence  in  the  Spoon  River  area.  Perhaps  most  striking 
is  human  sacrifice,  if  this  is  the  correct  interpretation  of  the  data.  Fowler  (1969: 
19-23;  1974:20-22;  1975:98)  has  provided  brief  comments  on  evidence  of  human 
sacrifice  from  Mound  72  at  Cahokia  involving  what  he  proposes  are  both  status 
and  retainer  burials.  Continued  work  on  that  mound  by  the  University  of 
Wisconsin-Milwaukee  has  demonstrated  much  about  the  high  level  of  social  organi¬ 
zation  at  the  Cahokia  Site. 

A  similar  situation  was  also  recorded  in  Mound  B  at  the  Dickson  Mounds 
and  possibly  in  an  associated  premound  cemetery  (Harn  n.d.,  a).  Mound  B 
contained  both  semifixed  and  extended  Sepo  tradition  and  Eveland  Phase  burials 
and  probably  dated  to  the  late  eleventh  century.  The  burial  under  discussion  may 
have  preceded  the  actual  construction  of  the  mound  proper,  but  exact  determina¬ 
tion  of  the  mortuary  sequence  was  impossible  because  of  the  intensity  of  later 
burial  activity.  Immolation  of  a  large  number  of  people  and  their  subsequent 
interment  in  a  common  grave  was  inferred.  The  burial  process  was  begun  by  lining 
the  grave  bottom  with  a  woven  mat,  followed  by  the  addition  of  a  wide  band  of 
powdered  limonite  which  was  laid  across  the  head  end  of  the  grave.  Four  male 
burials  were  then  extended  side  by  side  on  the  mat  with  their  right  elbows  over¬ 
lapping  the  left  elbow  of  their  immediate  neighbor.  All  had  been  beheaded. 

These  burials  were  identical  to  those  from  Mound  72  at  Cahokia  except  that  the 
hands  of  the  latter  were  also  removed  (Fowler  1974:22  and  Figure  6).  Shattered 
and  whole  arrowpoints  were  found  in  the  chest  areas  of  the  two  central  figures. 
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and  four  pottery  vessels  were  placed  in  the  area  of  the  missing  heads.  The  bodies 
were  covered  with  additional  matting;  wood  fuel  had  been  added  and  the  burials 
were  partially  cremated. 

The  vessels  are  interesting  in  that  they  represent  four  of  the  five  pottery 
categories  known  to  have  existed  at  that  time.  Included  were  an  undecorated 
Canton  Ware-like  jar,  a  Sepo  Smoothed-over  Cordmarked  jar,  an  owl-effigy  hooded 
water  bottle  with  a  Ramey  Incised  scroll  motif,  and  a  smoothed-over  cordmarked 
Sepo  Plain  jar  (Figure  2,  a-d).  Had  a  Powell  Plain  jar  been  included,  this  burial 
would  have  encompassed  the  complete  range  of  basic  Late  Woodland  and  early 
Mississippian  ceramics  as  presently  known.  We  cannot  conclusively  demonstrate 
that  the  significance  of  this  typology  was  important  to  those  persons  involved 
in  preparation  of  the  dead,  but  I  think  it  is  very  important  in  terms  of  united 
expression  if  these  vessels  were  indeed  representative  of  diverse  social  factors  within 
the  local  community. 

A  minimum  of  10  other  burials  were  subsequently  added  to  the  burial  pit, 
but  the  events  which  transpired  during  the  course  of  this  operation  are  not  com¬ 
pletely  understood.  At  least  four  or  five  layers  of  burials  were  superimposed  over 
the  primary  figures  during  what  appears  to  have  been  a  lengthy  span  of  time. 
Periodic  aboriginal  excavations  into  parts  of  the  pit  throughout  the  span  of  burial 
destroyed  all  or  portions  of  many  skeletons  and  thoroughly  confused  our  under¬ 
standing  of  the  burial  situation.  We  were  not  able  to  determine  the  purpose  of 
the  multiple  reexcavations  beyond  the  supposition  that  the  Indians  may  have  been 
collecting  bones  for  ritualistic  purposes. 

In  contrast  to  the  primary  burials,  a  wide  age  range  of  males,  females  and 
children  were  included  in  the  upper  levels  of  the  grave.  With  the  exception  of 
two  infants,  all  of  these  burials  were  semiflexed.  The  final  inclusion  into  the 
grave  consisted  of  the  bundled  and  somewhat  fractured  long  bones  of  two 
individuals.  This  area  was  then  capped  by  a  grave  containing  the  bundled  long 
bones  of  eight  individuals  of  late  adolescent  and  young  adult  age.  All  appear  to 
have  been  males. 

This  particular  formal  variation  in  burial  activity  implies  ritualistic  involvement 
at  a  far  higher  level  than  may  be  superficially  inferred.  While  retainer  immolation 
is  suggested,  it  is  also  possible  that  the  headless  burials  represent  scarificed  captives 
or  enemy  casualties.  However,  the  fact  that  the  bodies  were  interred,  the  inclusion 
of  in-group  burial  furniture,  and  the  possibility  that  the  arrowpoints  were  shattered 
by  the  extreme  temperature  fluctuation  at  cremation  rather  than  by  impact  do  not 
lend  support  to  either  of  these  positions.  The  similarity  between  these  particular 
mortuary  expressions  in  evidence  at  Cahokia  and  at  Dickson  Mounds  and  various 
authors'  descriptions  (quoted  by  Swanton:  1911,  1922)  of  the  preparation  of  re¬ 
tainers  for  the  burials  of  Natchez,  Taensa,  and  Calusa  nobility  have  been  noted  but 
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will  not  be  further  pursued  at  this  time.  The  data  lean  strongly  toward  support 
of  human  sacrifice  for  the  situation  in  Dickson  Mound  B  and  possibly  for  the 
previously  mentioned  grave  in  the  premound  cemetery.  Wray  (n.d.)  also  found 
headless  burials  in  a  common  grave  at  the  nearby  Kingston  Lake  Site  as  well  as 
other  interments  with  elite  burial  furnishings  which  were  in  a  deep,  rectangular 
pit  similar  to  those  at  Dickson. 

It  is  doubtful  that  the  impetus  behind  these  particular  expressions  of  so 
highly  an  organized  and  ranked  society  originated  in  the  Central  Illinois  Valley. 

It  would  be  difficult  attributing  their  development  to  a  region  so  sparsely  populated 
with  what  was  basically  a  hunting  and  gathering  society.  Any  practice  of  human 
sacrifice  in  the  Spoon  River  area  probably  resulted  from  very  direct  contacts  with 
Cahokia.  This  presents  an  interesting  set  of  problems.  If  the  burials  in  question 
are  an  implication  that  an  individual  with  the  power  over  life  and  death  was 
resident  to  the  Dickson  Mounds  area,  how  was  such  absolute  authority  originally 
attained?  Was  the  level  of  Late  Woodland  sociopolitical  organization  such  that 
existing  ruling  lineages  might  easily  have  been  incorporated  into  the  advanced 
state-level  organization  which  characterized  the  Mississippian  movement?  Nothing 
in  the  region  would  support  this  position.  Nor  does  it  seem  probable  that  the 
existing  Woodland  hierarchy  was  established  as  the  principal  prophet  of  local 
Mississippianization;  for  extending  the  ruling  lineage  of  the  vast  Mississippian 
movement  so  simply  surely  would  have  insured  the  loss  of  much  of  its  distinctive¬ 
ness.  The  advanced  level  of  sociopolitical  organization  in  evidence  in  early  Spoon 
River  sites  would  seemingly  have  to  have  been  initiated  by  members  of  a  society 
with  considerable  background  in  its  operation.  Furthermore,  if  the  basic  motiva¬ 
tion  behind  Mississippian  expansion  into  the  hinterlands  was  exploitive  and 
associated  with  economic  networks  focused  on  Cahokia  (as  opposed  to  a  more 
symbiotic  extractive-exchange  relationship),  it  is  doubtful  that  retention  of 
indigenous  rulers  would  have  been  compatible  with  the  aims  of  the  movement. 

Contemporary  accounts  of  early  historic  groups  such  as  the  Natchez,  which 
had  a  ranked  society  perhaps  not  too  incomparable  to  that  of  prehistoric  Cahokia, 
suggest  that  extension  of  the  ruling  lineage  was  determined  by  descent.  Only 
certain  descendants  of  the  original  culture-bearers  who  were  thought  to  have 
descended  from  the  sun  had  absolute  power  over  life  and  death  (Swanton  1911: 
100-106).  Human  sacrifice  was  condoned  because  individuals  were  legally  power¬ 
less  to  protect  themselves  against  the  state. 

Parallels  drawn  between  social  organization  in  the  American  Southeast  and 
in  the  Cahokia  archaeological  subarea  suggest  that  only  if  state-like  conditions 
existed  in  the  latter  region  could  there  have  been  successful  massive  retainer 
immolation  of  in-group  members  (Conrad  and  Ham  n.d.).  The  Cahokia  presence 
that  we  are  dealing  with  in  the  Central  Illinois  River  Valley  may  not  have  been 
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so  much  a  latent  influence  as  an  extension  of  an  individual  person's  power.  If 
this  situation  were  one  of  an  extension  of  Cahokia  governing  boundaries  and  if 
ruling  lineage  was  determined  by  descent,  it  might  suggest  that  at  least  one 
Cahokian  was  present  in  the  Spoon  River  area.  I  would  guess  that  there  were 
probably  others. 

I  see  the  Spoon  River  variant  as  having  a  bimodal  existence;  its  mundane 
lifestyle  more  closely  aligned  with  that  of  cultures  of  the  western  Prairie  and 
eastern  Plains,  while  its  sociopolitical  character  was  turned  southward  toward 
Cahokia.  These  differences  need  not  have  been  conflicting.  I  do  not  view  the 
former  as  a  political  confederation  of  cultures  so  much  as  I  see  it  as  an  expedient 
and  generalized  adaptation  to  a  similar  environment.  The  type  of  interaction 
between  the  Prairie-Plains  region  and  the  Illinois  Valley  might  then  be  categorized 
as  secular,  and  this  is  fossilized  in  the  almost  exclusive  exchange  of  material  goods 
and  innovations  reflective  of  daily  living.  On  the  other  hand,  contacts  between 
Cahokia  and  the  Spoon  River  area  seem  to  have  been  on  an  entirely  different 
level,  which  is  reflected  by  the  somewhat  uneven  exchange  of  social  and  political 
expressions. 

Its  position  at  the  crossroads  linking  the  Cahokia-Mississippian  and  Plains- 
Woodland  lifeways  underscores  the  importance  of  the  Spoon  River  area  in  under¬ 
standing  the  development  of  Mississippian  as  it  moved  into  the  northern  frontier. 
The  role  Cahokia  played  in  the  formation  of  the  Spoon  River  variant  is  only 
beginning  to  be  understood.  It  is  undeniable  that  its  presence  left  a  lasting 
impression  of  the  indigenous  population;  but  it  is  equally  obvious  that  the  latter 
did  not  exactly  enter  into  the  exchange  with  culturally  empty  pockets. 
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Figure  1.  Late  Woodland  jars  from  the  period  of  Late  Woodland-Early  Mississippian 
amalgamation. 
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Figure  2.  Miscellaneous  Late  Woodland  and  Mississippian  artifacts. 
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DESCRIPTION  OF  WHITE-SPOTTING  OCCURRENCE  IN  A 
WOODCHUCK  MARMOT A  MONAX 

Brian  R.  Mahan 

School  of  Life  Sciences,  University  of  Nebraska 
Lincoln,  Nebraska  68588 

Abstract. — A  woodchuck  (Marmota  monax)  with  un¬ 
usual  coloration  from  southern  Illinois  is  described. 

In  the  spring  of  1971  while  doing  a  research  project  at  Southern 
Illinois  University,  two  uniquely  marked  woodchucks,  Marmota  monax  were 
observed  in  a  pasture  5  miles  southeast  of  Carbondale,  Illinois.  When 
seeing  the  first  woodchuck,  the  animal  was  thought  to  be  carrying  a  light 
colored  object  in  its  mouth,  like  a  stick.  After  closer  observation,  the 
light  object  was  seen  to  be  the  undersides  of  the  feet.  Continued  view¬ 
ing  showed  that  all  four  feet  were  white,  both  tops  and  bottoms.  This 
animal  had  a  large  white  triangular  patch  on  its  right  side.  Soon  after 
the  appearance  of  the  first,  another  woodchuck  was  seen.  It  too  had  white 
feet,  but  no  white  spots  were  noted  on  its  sides  or  back.  Other  individ¬ 
uals  seen  in  the  vicinity  were  normally  colored. 

Following  the  study,  the  second  animal  seen  was  collected.  It  was  a 
female,  weighed  an  estimated  3-4  kilograms  and  was  lactating.  No  young 
were  noted  in  the  vicinity  during  the  study.  Examination  of  the  specimen 
showed  all  four  feet  to  be  completely  white,  including  claws.  The  upper 
lip  and  nose  were  white,  except  for  a  tip  of  black.  The  chin  also  had  a 
white  patch,  2.5  x  3.75  centimeters  extending  posteriorly.  The  ventral 
body  surface  was  almost  devoid  of  normal  pigmentation.  Not  only  were  the 
hairs  white,  but  also  the  underlying  skin.  The  white  area  fromed  a  V  in 
the  chest  region  between  the  thoracic  nipples.  The  sides  of  the  specimen 
were  white  only  on  the  lower  and  posterior  one-third.  All  other  areas  of 
the  body  were  normally  pigmented.  Eye  color  was  not  noted  during  the  exam¬ 
ination.  Comparisons  were  made  by  using  a  normally  pigmented  adult  from 
the  SIU-C  Zoology  Department  collection.  Photographs  showing  various  struc¬ 
tures  and  comparisons  were  taken  (Figures  1  and  2) . 

References  were  reviewed  to  find  previously  reported  cases  of  this 
condition  in  M.  monax,  but  without  success.  Several  mentioned  albinism, 
"white-tipped  hairs"  or  "gray  buff"  (Amundson,  1950;  Black,  1935;  Hamilton, 
1934).  Dunn  (1921)  mentions  white-spotting  in  rodents,  but  does  not  list 
M.  monax  as  one  of  the  cases.  McKeever  (1962)  talks  of  observing  and  col¬ 
lecting  several  pale  mutant  marmots  (M.  f laviventris)  with  a  few  white 
spots  around  the  head  region. 

The  animal  observed  and  collected  is  now  in  the  Department  of  Zoology 
(Southern  Illinois  University,  Carbondale)  collection  (number  M-1486) . 
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Figure  1. 


Ventral  surfaces  of  normally  pigmented  adult  (top)  and  abnor¬ 
mal  woodchuck. 


Figure  2. 


Left  forepaw  of  abnormal  specimen  and  right  forepaw  of  normal 
adult . 


436 


LITERATURE  CITED 


AMUNDSON,  R.  1950.  The  groundhog.  Wildl.  in  North  Carolina,  14:4-7. 

BLACK,  J.  D.  1935.  A  new  woodchuck  from  Kansas.  J.  Mamm. ,  16:318-320. 

DUNN,  L.  C.  1921.  Unit  character  variation  in  rodents.  J.  Mamm.,  2: 
125-140. 

HAMILTON,  W.  J.  Jr.  1934.  Life  of  the  rufescent  woodchuck  Marmot a 
monax  rufescens  (Howell).  Ann.  Carn.  Mus.  23:85-178. 

MCKEEVER,  S.  1962.  A  pale  mutation  in  the  marmot.  J.  Hered.,  53:195- 
196. 


437 


TRANSACTIONS,  ILL.  STATE  ACAD.  SCI. 

Vol .  68,  No.  4  (1975) 


A  CONFIRMING  REPORT  OF  THE  PRESENCE  IN  SOUTHERN  ILLINOIS 
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Abstract.  -  The  presence  in  southern  Illinois 
of  Brochymena  cariosa  is  confirmed. 


Brochymena  cariosa  Stal  ranges  from  southern  Illinois, 
Indiana,  and  Tennessee,  south  to  Florida,  and  west  through 
Missouri  and  Kansas  to  Louisiana  and  eastern  Texas  (Blatch- 
ley  1926,  Ruckes  1946).  It  is  a  phytophagous  stink  bug, 
feeding  on  slash  pine  in  southern  states,  and  probably  oak 
and  other  pine  species  in  the  northern  parts  of  its  range 
(Ruckes  1946) . 

The  reported  presence  of  this  species  in  I&Llinois  is 
based  on  a  single  9  specimen  discovered  by  Malloch  (1919)  in 
a  series  of  B.  quadripustulata  (Fab.) ,  presumably  in  the 
Illinois  Natural  History  Survey  Collection.  It  had  been 
collected  at  Whitesville,  Saline  Co.,  Illinois,  29  June  1905. 

Since  no  further  reports  of  this  species  in  southern 
Illinois  have  been  published  since  1919,  it  would  seem 
desirable  to  confirm  its  presence  in  the  state.  Given  below 
is  label  information  from  7  adult  specimens  of  B.  cariosa 
collected  in  southern  Illinois,  and  housed  in  the  Entomology 
Collection,  Zoology  Research  Museum,  SIUC. 

Jackson  Co.,  Carbondale,  30  Oct.  1957  ,  1  d  ,  D.  A.  Ross- 
man.  Coll.;  23  June  1969  ,  1  $  ,  S.  N.  Hicks,  Coll. 

Williamson  Co.,  10  April  1972,  1 9  ,  T.  McDowell,  Coll.; 
Carterville,  17  March,  1  d  ,  20  March,  Id  ,  21  April 
1957,  Id,  19,  V.  Cole,  Coll. 
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